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MY JOURNAL FOR Saturday, June 1

(day)

*1

6 A. M. Woke up. Got dressed and went fishing in canal.
*2

7 A. M. Ate breakfast (cereal, toast, fresE orange juice)

1-1

8 A. 1141. Did the breakfast dishes. Helped Mom with the baby.

9 A. M.

_10 A. M.

11 A. M.

12 NOON

1 P. M.

2 P. M.

3 P. M.

4 P. M.

E P. IvI.

6 P. M.

7 P. M.

8 P. M.

9 P. M.

10 P. M.

11 P. M.

Watched cartoons on T. V.

*4Helped Dad fertilize the lawn'Aid spray for chinch bugs.

Ate lunch (peanut butter & jelly sandwich) - Called Pete.
*5 *6Pete and I went to beach and body surfed.

Imi=.1.m

Ate a picnic suppeiliith Peters folks.
*8

Watched the fishing boats cume into the port.

Pete, Jack and I rode our bikesiround our development.

Came back home because of mosquitoes. Watched T. V.
*11.Washed up. Had to clean sand on bathroom floor.

*12Worked on my shell collection. Went to bed.

Ii



MY JOURNAL FOR

6 A. M.

7 A. M.

8 A. M.

9 A. M.

10 A. M.

11 A. M.

12 NOON

1 P. M.

2 P. M.

3 P. M.

4 P. M.

5 P. M.

6 P. M.

7 P. M.

8 P. M.

9 P. M.

10 P. M.

11 P. M.

(day)
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Information Card

The Ais Indians

The Ais (Ice) Indians lived along the Indian River in Florida. The
river was called the "Rio de Ais," by the Indians. They lived from
just south of Cape Canaveral to the St. Lucie Inlet. See if you can locate
this area on a map. The Ais Indians lived in this area before Christ.
They survived until the arrival of the Spanish in the 16th Century. This
is a period of about 400 years

Their early past puts them in the time we call pre-history (before
written records were kept). Archeologists have had to get much infor-
mation about these Indians from artifacL and bones. They found them in
middens or mounds. The only wFiTei---1history found about these people
comes from early French and Spanish explorers and settlers. An English-
man, Jonathan Dickinson became a captive of the Ais in 1695. He also
added to the history of these Indians. The Florida State Park near Fort
Piece is named for him.

From these sources we can get some idea of how these Indians met
their basic needs for food, clothing and shelter. For food they gathered
and ate blueberries, blackberries, palm berries, wild sweet potatoes and
grapes. They also found mushrooms, wild peas, seeds of the palm lillies,
and wild crab apples growing here. They hunted the bear, deer and bison.

Nothing went to waste in those days. All parts of the animals were used
for something. Bear fat was used as an insect repellent and to color pottery.
The deer provided.bones for hairpins, needles, and awls. Its ribs were
used for bracelets, its horns for war clubs. Its horn tips made arrowpoints,
and its ankle bones were necklaces. They made deer skin into dresses.
The entrails were used for string. The deer was considered to be the most
important animal to the Ais. The bison provided sldn for shields, and horns
for headdresses. The hair was used for ropes, garters, and belts._ The
Ais also used other animals in their meat diet. Otters, raccoons, alli-
gators, squirrels, fish and shellfish provided a variety of meat. The
beaver, last seen in Florida in 1250, provided strong teeth that were
used as tools.



Plants, like animals; played an important paft in providing shelter
and clotWng to the Ais. The rine of the purripldn was used for masks;
green vines made nails. Persimmon roots were used for tombs;
bamboo-type cane made baskets, mats and fish trapS. The inner bark
of the mulberry tree was used br thread and cloth ropes. Sumac was
used for dying; cypress trunks for dugout canoes, cypress knees for
drums. Spanish moss made clothing and pillows. A special kind of
root was used to make fish pnison.

Because of the mild, sub-tropical climate, the men wore only a
breech cloth. It was made from woven straw with a wide colorful belt
and a tail of colorful silky grass at the back. They wore their in
a roll at the top of their heads and often stuck a bone or feather through
it. The women wore a raw deerhide dress or a skirt made from plant
fibers.

Their homes were a wooden frame covered with palmetto leaves on
the top and sides. The posts supporting the center of the roof were
longer than the others so the roof looked like an umbrella. Four feet
high benches lined the walls inside. These were covered with mats
and used for sleeping.

No one knows exactly what happened to the Ais Indians. Their
population grew smaller and smaller. They finally disappeared between
1701 and 1736. Some scientists think that attacks from northern tribes
killed the Ais. Others feel that some disease brought by the white man
wiped them out. Whatever happened, the Ais Indians were able to use
the environment to provide all the essentials for themselves rather than
depending on supermarkets, building supply stores, or clothing stores
as we do today.

Source:

Ais Indians, Brevard Museum Ais Indians Kit.



The Ais Indians

VOCABULARY

2-3

1. archeologist - scientist who studies early forms of life
2. artifacts - an object made by man for future use
3. awls - a tool for making small holes
4. bison - a buffalo
5. cypress knees - the roots of a cypress tree which stick up out

of the water or the ground
6. entrails - intestines of an animal
7. essentials - things that are needed to live a basic life
8. Jonathan Dickinson - an Englishman who was shipwrecked at Juptier Inlet

in 1696 on his way from Jamaica to Philadelphia
9. middens Indian garbage heaps

10. rine - the outside shell of a mellon
11. &mac - a berry tree with red berries.

I 0



SURVIVAL You azgi three friends have been picked to go on a Skylab Mission.
What will you need to survive in space?

sora.....inorrimmoF

clues for you:
Each person on the trip will need

the following amounts:
a pounds of food per day
2 pounds of air per day
4 pounds of water for drinkingper day
12 pounds of water for cooling and

washing
You are allowed to carry 1014 pound

of these items with you. How long can
you stay up?

Suppose you wanted a longer mission
but could not carry more weight. What
could you invent that would let you
stay up longer? List these things. Tell
why each would increase your air time.

Keep a ship's log about your space
survival adventure.

Materials:
EMT:ET:on

(3-1)
pencil, paper, magazines, glue, scissors
Cocoa Cola game, Space Adventure
small scale, construction .paper,

card What Astronauts Eat

other ways to look at it.,..
.. Read What As ronauts Eat. How has NASA
solved some of the weight problems?
. Suppose a disaster prevented your ship
from returning on schedule. What would hap-
pen? Play the Coca Cola game, Space
Adventure to find aut.
.. Suppose you were marooned on a desert
island, the Anarctic, or a ghost town. How
would your adventures be different ? What
makes each adventure different? Pick one of
these places. Write a story about your sur-
vival adventure. Be sure to include how you
found or made shelter, food, clothing and
tools.

-
... How much food do you eat in one day ? Use
a small scale. Weight the amount of food you
eat in a day. Be sure to imlude liquids and
snacks. Do you eat more than you could take
in space ?
.. How is our earth like a space ship?

what did you discover?
Make a collage. Show all the materials you need to sunive.

1 1.
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What Astronauts Eat

Back when manned space flight was hi its early stages, space
menus were in their "early stages." Astronauts had to settle for
tasteless cubes and bland pastes.

Not so for the Skylab astronauts: When it comes to eating, they've
gone first class all the way. The Skylab station is equipped with an
advanced food preparation system. It contains five freezers and several
storage lockers. It "features" a ocientific preparation table. It can
heat the main course and keep dessert cool at the same time.

New food preservation techniques have made it possible for the
Skylab crews to enjoy a larger menu. Earlier astronauts had to face a
dinner that looked (and possibly even tasted) like gray toothpaste. The
Skylab astronauts can look forward to filet mignon, lobster newburg,
pork and scalloped potatoes, and chicken and rice. More than 70 different
food items were included in the Ey lab menu. The menu runs through a
six-day pattern and then repeats itself every six days.

About 2,400 pounds of food and 6,000 pounds of water were stored
aboard the Skylab workshop before launch. The entire nutritional plan
for all three Skylab flights, day-by-day and bite-by-bit f-3:';-"Eibein
planned IN ADVANCE. One reason for this is economic. Since it costs
$1,000 a pound to put materials in orbit, everything aboard Skylab must
be used very carefully. There is an even more important reason for
the careful planning. Scientists need to study the biological processes
of the Skylab crew members. They can check for possible medical
consequences of four-and eight-week stays in space. A third reason
TglIg-aigE-.e to provide meals which closely resemble normal meals on
earth. This gives the astronauts a psycholog=irduring their long
isolation from the usual comforts of life. All nine Skylab crew members
taste-tested all the food items before the first launch. Only food which
satisfied the astronauts in taste, aroma, shape, color, texture and
temperature, was chosen.

13



How are all these different kinds of food preserved during the lcnig
space missions ? There arc; . major methods. The first is dehydration.
Dehydrated foods are ready to eat as soon as water is added at the appro-
priate temperature. Examples of dehydrated foods are scrambled eggs,
soup, beverages and desserts. "Intermediate moisture" foods are pre-
cooked or fresh with .he moisture content reduced. Examples are dry
roasted peanuts and cookies. Wetpack or thermostablized foods are
stored at a temperature of below -10F. Main dishes such as meatballs
and sauce and turkey and gravy are ncluded in this category. The last
category is "deep-freeze" foods. They are precooked and then frozen
to temperatures below -40F. Included are such foods as prime beef cuts,
ice cream, shrimp cocktail, pound cake and pork loin and dressing.

A sample menu for Commander Pete Conrad on the Skylab I mission
begins with a breakfast of scrambled eggs, sausage patties, strawberries,
bread and jam, orange juice and coffee. For lunch, it is chicken and gravy,
asparagus, peaches, biscuit, cocoa and lemonade. For dinner, Conrad
enjoys veal and barbecue sauce, mashed potatoes, green beans, with cheese
sauce, peach ambrosia with pecans and grapefruit juice. Between meal
snacks are coffee and butterscotch pudding.

The menu looks pretty good, but what about the chef ? The astronauts
take turns performing this important duty. The "chef -of-the-day" checks
the menu to see what food and beverages are included in the next meal for
each crew member. He then removes the food from the lockers and takes
it to the table. The table looks much more like a scientific laboratory
bench than a dinner table. Each crewman has a portable food tray with
eight food cavities of varying sizes. Some of the cavities operate com-
pletely independently. Steaming soup can be just a few inches from frosty
ice cream. The "chef" places each crew member's food in thc proper
compartments, sets the 'imer and turns on the warmer. He can then
return to the many scientific experiments being carfied out aboard Skylab.
The "stove" works automatically until Mission Control signals the astro-
nauts to turn it off. Foods which require rehydration are prepared at
mealtime through the use of cold and hot water "guns" attached to the



3-3

food table. (Can you imagine an astronaut saying, "Please pass the re-
hydration gun" ?) After each meal the food trays are filled for the next
meal, and the heater timers are set accordingly.

It is not only the preparation of food which is difficult in outer space.
"Sitting down" to the dinner table is no easy matter, either. To allow
for the weightless environment, astronauts stand at the food table in
special thigh restraints with their feet in portable foot restraints. For
"chairs" they have two horizontal bars, with no backs. One earthly-type
nicety is provided, however--dinner music piped in through a stereo system.

All in all, the food storage and preparation system forms an extremely
important part of the Skylab mission. Not only does it provide an important
means of maintaining and studying the astronauts' helath; it helps make the
workshop just a little bit more like home.

--Robertson, Brenda; Today Food Editor,
"What Astronauts Eat," Today Newspaper
Sunday, May 13, 1973,Section D,pp.1&8.

Questions for Thought

1. Why can't Skylab be equipped with enough water so it can be used freely?
2. Why can't the astronauts eat what they want when they want it ?
3. Astronauts can receive proper nutrition through the old "tube foods,"

so why change?
4. How were the food items on Skylab selected?
5. In what four ways are the foods stor9d?
6. Who prepares them? How?
7. How do astronauts keep from "floating" away from the dinner table

like Uncle Albert in the Mary Poppins story?
8. What songs would you put on the stereo for the astronauts ? Do you

think they would agree with your selections? Why?
9. If you were a Skylab astronaut, what foods would you "order"?

Do you think you would get what you wanted? Why?



What Astronauts Eat

VOCABULARY

3-4

conientrate: substance which contains a large amount of matter in
a small space

2. bland: tasteless

3. preservation: keeping safe

4. techniques: methods

5. nutritional: providing nourishment

6. economic: having to do with money

7. consequences: results

8. resemble: look alike

9. psychological: mental, emotional

10. dehydration: removal of water (usually from food)

11. rehydration: addition of water to dehydrated material' (see #11)

12. accordingly: as a result of; in order to agree with something else

13. restraints: something which restrains (holds back)

16



e problem:
Pretend you are from another planet, seeing your community for the first time.

What things do you see that please you? Displease you? Need change?

clues for you:
Take a good look at your community.

Study it as if you are seeing it for the
first time. What things do you see that
displease you? Make a list or take
pictures of these things. Do they need
to be changed? How could you change
them ? MakA a li 3t of recommendations.

Do you see things you like? Make a
list or take pictures. Would you want
to see these things changed? How can
you keep these things from changing?

After you study your community,
make a chart. Divide it into three
columns: (1) Things That Displease
Me; (2) Things That Please Me; (3)
Things That Need Change; Fill in the
chart from the lists you make on your
walk.
Materials:
pen or pencil
pictures of community
aerial photographs (helpful)
construction paper
camera (helpful)

other ways to look at it.
. Write a play showing your community in
stages of development (past, presentlfuture).
Put the play on for the rest of the class.
.. Visit or call your local planning commis-
sion. Ask about the changes that are in pro-
gress in your community. Ask if there is a
plan for the development of the community.
.. Make a display of community changes. ,

Use old maps, aerial photographs, news-
paper articles, or pictures.

. Can you design a perfect environment ?
Make a drawing or model.
.. Could a visitor tell what sort of life is
found in your community by its trash? Study,
your trash. What things would you know
about your family from the trash?

. Make a scrapbook about your cominunity.

what did you discover?
Make a visual presentation for the class. It should show how you feel about your

environment. Ask your classmates if they agree with you. What would they change?

17



Radio the commander !
We've found the perfect

garbage dump !!

18



e problem:

How have homes changed? Why have they changed?

clues for you'
Locate some of he older houses in

your area. Contrast the style, size,
and building materials in these homes
with those of present-day houses. Has
the environment changed in your area
since these houses were built ? What
has caused the design of houses to
change?

Talk to a local builder. Ask him how
the construction of houses and apart-
ments has changed in the last twenty
years. Alit him what changes he pre-
dicts for che future.

After you have completed your re-
sea.rch, make a display to show how
the design and construction of houses
in your area has changed.

Materials:
encyclopedia
poster paper
styrofoam or other scrap materials
"home" magazines
camera (helpful)

what did you discover?

other ways to look at it:
Not all homes today are built at the home-

site. Find out about the construction of mo-
bile homes, modular houses, and prefabri-
cated houses. What discoveries have made
the construction of these houses possible?
List some advantages of each type of house.
.. Compare the homes of people in different
periods of history. Find out: 1) What the
environment was like; 2) How the houses
were built; 3) What materials were used an
why. Present your finding to the class.
. Suppose that our environment became =-
livable because of some change (pollution,
nuclear fallout, drought, etc. ) Try to design
a. house that could serve as a self-contained
environment. Build a model..
.. Homes of the future will need to use less
energy. How, can this be done ?

Make a list of the reasons homes have changed. Find some way to show
the ways homes have changed.
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the problem: 6

How does the environment influence the type of house you have?

clues for you
Find pictures of houses in different

parts of the United States. How are
they different? How are they alike?
Make a poster to display your findings
(Be sure to notice style of the house,
building materials, and surroundings.)

Make a survey of houses in your
area. Compare style, building mate-
rials, size, numbers of windows,
porches. Do any of the houses have
basements or attics? How does the
environment influence the design of
houses in your area? Record your
findings.

What other types of dwellings can
you find in your community ? How is
their design influenced by the environ-
ment?

Materials:
magazines, encyclopedia

construction or poster paper
pencil
scissors
camera (helpful)

what did you discover?

other ways to look at it:
Reseach the types of houses built in dif-

ferent areas of the world. How do these
environments influence the design and struct-
ure of houses ? Make model or illustrations
of the houses from these different regions.
If you build models, use scrap materials
(styrofoam, cardboard, etc. )
.. Read about Frank Lloyd Wright. Find
examples of houses he designed. How did he
try to fit the house into the environment ?
How did he make use of local materials in
building houses ?
.. What must an architect know about the
environment before he designs a house? Find
out what architects do.
.. Find out if your local environment pre-
sents any special problems for builders
(examples: earthquakes, strong winds,
freezing). How can these be overcome?

Make a display. Show how the environment influences the style and construction
of houses.

21
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1 'How do animals use materials from the environment in tkiilding homes ?

. -

clues for you
Start br looking at a bird's nest.

Obtain an abandon&l nest. A nest that
is vacant more than a few days may be
considered vacant. Don't worry about
taking away a bird's home. A nest in

the animal world is a nursery. Once
the young birds are able to fly, the
nest is abandoned. A new one is built
for each hatching.

Examine the nest carefully. Use a
hand lens. List all the materials you
find in the nest. Note also the shape
and appearance of the nest. How is
it held together ?

How was this animal using the mate-
rials from its environment to construct
a nest ? Keep a record of nest type and

i.

Materials:
a bird's nest, hand lens
pegboard, string
poster paper

other ways to look at it.
Survey your area for the homes of other,

animals.. How do they use tile materials
provided by the immediate evironment ?
List at least three animals and the types
of homes they build.

Do all nests look the same? Can the
type of nest be identified with a certain type
of bird? Make a collection of drawings of
birds and their nests.

. In early, spring, try this experiment.
Make a nest material board (pegboard wi
pieces of string, yarn, thread, shreds of
cloth, etc. , pulled through holes). 'Count
each piece. Locate the board near a woode
area. Check the board daily: Replace the,
materials which have been taken. Keep a
record for which nest-building materials
were taken first and most frequently.

What determines the type of home an
animal will build ?

what did you discover?
Make a display board showing types and amounts of the different nest-building

materials. Show how each material was taken from the environment. Note how
the materials were arranged in the nest. nJ
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e problem:
How has a changing environment changed the way one earns a living?

clues for you:
Careers are constantly changing.

Make a list of jobs the male and fe-
male members of your immediate
family have had for several genera-
tions (two, at least). Add to this
list what you would like to do.

Study your list Do all of the
jobs still exist? Did some of the
more recent jobs exist . twenty-five
years ago? How has the role of the
female member, of thelamily changed?

How have these 'changes in jobs
affected tie environment? How have
changes in the environment produced
or eliminated jobs.? What are some
of the other factors responsible for
changes in the job picture? Be pre-

ed to answer these suestions.

Materials: magazines
pictures
career materials

other ways to look at it.
..Make a "Careers Notebook". Keep a list
of the Careers you read about in your.
studies. List also the training needed for
each, the income expected, and how the
job affects the environment.
..Keep a scrapbook of environmentally
related careers in this area. Gather.the
same information as above. You can start
with a fisherman, mechanic, newspaper
woman, and a fish and game officer. Keep
going from there.
..Keep a list of new jobs that have been
created in your area in the last five years
..Pick one resource in your area(i.e. ,wa-
ter). List all of the jobs that depend upo
that resource. What would happen to these
jobs if the resource were destroyed?
..Find stories about jobs that no longer
exist. (Example-Indian scouts.)

what did you discover?
Make a chart or display to contrast jobs that no longer exist and show

new jobs. List factors responsible for these changes.
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e problem:

How does agribusiness affect your area? (Look up the word agribusiness.

clues for you:
Pick one agribusiness in your area.

How does it affect the environment?
How does it affect the economy ?

Make a list of questions you would
like to ask a representative of that
business. TI...an visit the business or
invite a resource person to visit the
class. Ask your questions. Find out
how this business affects you.

Read about this business. List:
a. manufacturing jobs that exist

because of this buiness;
b. service jobs that ex-:st because

of this business;
c. environmenta' problems that

exist because of this business.

Materials:
encyclopedia, reference books
pencil, paper
large sheets of paper (for map)
crayons, markers
poster board

what did you discover?

other ways to look at it:
.. Find out what the leading-agribusiness.is_
in your area. Show how it affects you.
.. Research one region of the U.S. other
than your own. List the five most important
agribusinesses of that region. Show why the
environment of that area is important to the
agribusiness. Show how each business affects
the environment.
.. Make a survey: Find out if people would
be willing to buy less attractive fruit and
vegetables if they knew growers would not
use pesticides and inorganic fertilizers.
Report your findings to the class.
.. Florida is the leading orange growing
state. Find out why. Where else would you
expect to find oranges growing?
.. Make a class map of the U.S. Show the
leading agribusiness of each area on the map.

Make a poster. Show at least three ways one local agribusiness affects you.

27
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the problem: 10

What does a plant need to grow well?

clues for
Look around the school grounds

for examples of healthy and unhealthy
plants. Try to identify all the factors
that might make a difference in the
growth of the plants.

Make and complete a chart similar
to this:

Healthy Unhealthy
Plant Plant

Appearance
Location of plant

1

Type of soil ,

Amount of moisture
! Amount of sunlight
I Adaptations to location

Materials:
data card, Plant Survey (10-3)
information card, Hydropanic Gardening

(10-1)
chart paper

,what did you discover?

other ways to look at it:
.. Using the results of your chart, design 1
an experiment to see if a plant can survive
without one of these factors, such as sun-
light, water, or soil. Record changes in
the plant. Share your conclusion with the
class.
.. Does a plant need soil? Try the experi-
ment, hydroponic gardening. Follow the
directions on the information card.
.. Are there invisible materials that the
plant needs ? Read about plant nutrients.
How does a plant get nutrients?

Study the plants that grow naturally in
this area. How are they specially adapted
to the conditions of this area? Would they
survive in a different environment? Where
would you find plants similar to these?

Post your chart and experiment results. Write a paragraph to explain
what you think a plant needs to survive. 9.
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Two Ways to Make a Hydroponic Garden

Materials Needed:

seeds
gallon jug (plastic)
fine gravel, sand or vermiculite
liquid plant fertilizer
metal pans (aluminum)

Optional Materials:

Epsom salts from a drugstore
saltpeter from a drugstore
clear household ammonia
baking powder with calcium phosphate

10-1

Growing plants with water and minerals is called hydroponics (hydro means water,
and panics means cultivation). Plants will grow in a sand-gravel mixture or in

vermiculite if they are watered daily with a mineral solution.

To prepare the fertilizer solution, wash out a gallon jug very carefully with water

and soap and rinse it several times. Follow the directions on the liquid fertilizer
bottle to make the right solution. Shake the jug well to be sure the materials are
miXed. (Another way to make the solution
is to use 1 level teaspoon-ofEpsom salts,
1 level teaspoon of saltpeter, 1 level tea-
spoon of baking powder and teaspoon of
ammonia. Add these to an empty jug and
slowly add water, shaking the jug when it
is about half full and when it is full until
all the chemicals dissolve.) Either of
these s lu tions will work well to make
your garden grow.

Cut off the top of the plastic jug and punch a few holes in the bottom so the solution

will drain out. Fill the cut-off jug with sand and gravel or with vermiculite and
plant the seeds. Place the jug in a metal pan and pour the solution into the top of
the cut-off jug. BE CAREFUL NOT TO POUR MORE THAN THE METAL PAN CAN

HOLD! When the solution has drained through, pour the liquid back into the bottle
and save it for the next day. Repeat this each day until the seeds are sprouted and

then do it only when the plants begin to dry out. Be sure the plants are put in a
sunny place. If they are grown in the dark the stems will be longer and the plants

will tip over easily.

fp Lifle
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10-2

Method Two

Prepare the liquid solution as in method one. Punch a few holes in an aluminum
pie plate or use a TV-dinner pot-pie plate. Plant the seeds in a sand and gravel
mixture or use vermiculite. The hole in the pan must be large enough for the
roots to grow out. Arrange some of the gravel so all the sand does not run out.
Place the metal pan on top of a cut-off plastic bottle and watt:: each day with the
solution until the roots have grown through the holes. Then place some of the
fertilizer solution in the bottom bottle (leaving an air space) and the roots will
grow into the solution. Replace the solution from time to time to keep it fresh.

542Ael gshwel
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10-3

DATA CARD
PLANT SURVEY

I

HEALTHY PLANT

.

UNHEALTHY PLANT

Appearance
(color, size, shape)

Location of plant
(near building, other plants)

,

Type of Soil
(see soil cards)

.

Amount of moisture*
-

Amount of sunlight*

Adaptations to location
-(special structures; note roots,
leaves, stems, etc. )

* For quantitative measures of moisture and sunlight, see the information cards,
Measuring the Microclimate of a Habitat.

33



What do plant roots do?

clues for you:
Root a plant in a clear container.

Secure the plant with toothpicks. Once
the plant has grown roots, mark the

level of the water. Cover the top of thel
rcontainer with cellophane wrap to pre-
vent evaporation. Allow only the green
part of the plant to be open to the air.
Carefully observe and record the level
of the water each day. What happens?

Read the information card, Using
the Microscope. When you think you
-EFFirdrr,--We the teacher check your
operation of the microscope. Cut a
srr,-!7l root hair from a plant. Place it
on a slide. Study it under the micro-
scope. Draw what you see. How does
the structure of the root aid it in
absorbing water and minerals ?

Materials:
information cards, Using the Microscope
(11-1), and Doing A Lot With a Little
(11-3), clear container, toothpicks, plant,
cellophane wrap, microscope, glass slide

CAUTION: Sharp knife
paper towels, knife, rubber bands,
magaiines glue, scissors,
construction papdr

other ways to look at it.
.. Make a sandwich. Use two glass slides,- a
piece of:paper -towelf- and- a-radish seed.--Put-
rubber bands around each end of the slides.
Place one end of the sandwich in a shallow
dish of water. When roots start to grow,
place the other end of the slide in the dish.
Wait several days. What *pens ?
.. Can a plant survive without roots ? Desi
an experiment to find out.
.. Make a collage. Use pictures of plant
roots that are foods. What job of roots
makes the food ?
.. Read the information card, Doing a Lot
with a Little. How do the roots d'desert
plants help them suvive in a dry environment?
.. Pull up a weed. What comes with it? Why
do conservationists urge farmers to plant
cover crops on land they are not using? Why
is it important not to destroy vegetation on
sea dunes?

what did you discover?
List three functions of plant roots.
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Student Information Card

Using the Microscope
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The microscope is an instrument designed
to examine objects too small to be seen with
the human eye. The microscope is an expen-
sive instrument that must be given proper
care. Always follow these rules when using
a microscope:

1 ) Always carry the microscope with both .

hands, one hand under the base and the other
on the arm.
2) When setting the microscope on a table,
keep it away from the edge of the table. If there
is a lamp attached to the microscope be careful
of the wires.
3) Avoid tilting the microscope when using tem-
porary slides made.with water.
4) The lenses of the microscope cost almost as
much as all the other parts put together. NEVER
clean them with anything other than lens paper.
5) Always return the microscope to the low-
power setting and the barrel to its lowest posi-
tion before you put it away.

To use the microscope, place the low-power
objective in place. You will hear it click when
it is properly fitted. Move the mirror so that
the maximum amount of light is reflected up-
ward through the opening in the stage. If the
.microscope is electric be sure the cord is
plugged in and the light is working. Always
start with the barrel in its lowest position and
focus upward. This way, you won't crush a slide
or lens.
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Student Information Card

Making Slides

You will need a slide, cover glass, and a dropper of water. Be sure the slide is clean.

sammostaMO

1) Place the object to be viewed on a clean slide
and drop one drop of water on the object. This
is called a wet. mount.
2) When the object is soaked, hold a cover slip
on the slide at a 450 angle to the slide and lower
the cover slip very gently. A gentle tap will
usually remove any air bubbles that may be pre-
sent.
3) Place the slide on the stage and clamp it down.
Move the slide so the object can be seen through
the eyepiece. Watch the stage from the slide
while you use the coarse adjustment knob to
raise the 'objective. Raise it uniil the objective
is 2 mm above the slide, or the object is iuzzy.
4) Look through the eyepiece and use the fine ad-
justment to focus the object. Notice that the ob-

.

ject appears upside down and backwards.

Steps for using High-Power

CAUTION: Do not change focus while changing the objectives. DO NOT focus high power
with the coarse adjustment.

1) Find the object with low power.
2) Focus and adjust the light to get the best light available.
3) Position the slide so that the object is in the center of the low power field.
4) Turn the high-power objective into viewing position.
5) Sharpen the focus with the fine adjustment only.
6) If you are not successful in finding the object under high power the first time

return to step 1 and repeat the whole procedure carefully.
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Doing a Lot With a Little1

The average rainfall in the American Deserts is 12 inches
per year. The plants that live there must have special
adaptations.

Creosote bushes are evenly spac-
ed. This insures mai plant of
enough water. This spacing may
be due to a poisonous substance
given off by the roots. This keeps

er plants from growing near

11-3

. 8

he ti i ts'
eaves du i g dr.y

season. The plant con-
tinues to live because of
the chlorophyll in t
stems.

The wide -
spr a During
raid ts soak up hun-
dre,:.11os.fwater. It is
then stor d in t e stem. The
saguaro's waxy surface keeps
plants from losing water.

The mesqu
The tapro
mesquite
green lea

1"Mak1ng The Water Last Nature and Science, October 30,
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the problem:
What do plant stems do?

.1,.11.151...
clues for you:

Bring several kinds of stems to
class. Examine the outside of the stem
with a hand lens. Draw what you see.

Bring in the stalk of a celery plant.
Place it in food coloring. Leave it for
twenty-four hours. What happens?
Why do you think this happened?

Cut a cross section of the celery
stem. Examine it with a hand lens.
Can you find any clues about what
happened?

Obtain prepared slides of the cross
section of a plant or read about stems.
What special cells aid the stem in con
ducting liquids ? Make a water color
painting of the cross section of a stem.
Show your classmates how each part

i of the stem aids it in its job.

Materials:
information card Doing a Lot With a

Little (11-3)
books on plants newsprint
food coloring plant stems
microscope water colors

12

IM.IMVMODEN010..mm.m....r..,....
knife - CAUTION
tempra paint
prepared slides
magazines

hand lens
water color paper

other ways to look at it
.. Do potatoes and onions have stems ? Final
out. You may be surprised.
.. Find pictures of stems we eat. Make a
display using the pictures.
.. Dip the ends of different stems in tempra
paint. Mark prints on newsprint using dif-
ferent stems and different colors. After the

rprints are dry, examine them with a hand
'-'1ens. Can you see the cells in the stems?

.. Try budding, grafting, or air layering.

.-. Read the information card, Doing a Lot
With a Little. How is the stem of the saguaro
special? How does it enable the cactus to
live in its environment ?
.. Why are the stems of trees important to
man? What uses do they have ?
.. Find a tree stump. Count the rings. What
do they tell you?

1what
did you discover? mM...........111

Make a display to show why plant stems are important.
3 9



PLANT STEMS

Cambium cells divide to produce new cells over and over.
The new cells On the outside become phloem. Those on
the inside become xylem.

The stem
leaves flo
These tube
the trunk.

me for the tree. Food from the
tubes called phloem (FLO-um).
living cells near the outside of
ells become pa r t of the bark.

The xylem (ZEYE-lem) conducts water an d minerals upthe trunk. These p ipe s are made of dead cells and runfrom the roots to the leaves.

40
1"Visit to a Plant Factory, " Nature and Science, September 30, 1968, p. 8.



the problem:

What is the function of a plant leaf?

13

clues for you:
Try this experiment. Take a little

pinch of corn starch. Add it to half a
test tube of water. Shake. Add a drop
of iodine solution. What happens?
This is a test for starch. Starch is
stored food energy.

Take a green leaf that has been in
the sunlight. Soak it for a few hours
in alcohol. What color does the
alcohol turn? What causes this?
Rinse the leaf with a few drops of
water. Soak it in a test tube with the
iodine solution. What happens? Was
starch present?

Repeat the experiment. Use a leaf
from a plant that has been in the dark
for at least twenty-four hcurs. What
has tens? What are your conclusions'?
Materials:
leaves (see clues for you) alcohol
iodine solution starch
microscope water
test tubes slides
information cards, Using the Microscope

(11-j) Scientifijnyestigator313-1)

other ways to look at it
Repeat the experiment. Use a green and

white leaf. Does the white area .:how any
evidence of starch? What is the green ma-
terial? Why is it important?

Can a plant survive without leaves? Plan
an experiment to find out. Read The
Scientific Investigator before you start.

Stu y the ottom layer of a leaf under the
microscope. Study a cross-secaon also. Use
prepared slides if you have them. How is the
leaf especially suited for its job?

Make a leaf collection. Use a leaf key to
identify the leaves in your collection.

Make leaf prints. Your teacher has the
directions.

Read about the carbon dioxide-oxygen
cycle. What part do leaves play in this?

Solve this riddle: How is a tree like an
air conditioner?

what you mover.

Pretend you are a leaf. Tell the class why you are important.

4 1
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13-1
INFORMATION CARD

The Scientific Investigator

In solving most problems, it is very helpful to follow certain steps to
a conclusion. It helps avoid error and saves timt. std effort. It also brings
the investigator to a more dependable or valid, conclusion. A scientist
follows certain logical steps in a sequence known as the scientific method.

The famous research scientist, Louis Pasteur, once said, "Chance
favors the mind prepared." Chance, or luck, has played a part in many
famous discoveries. If one looks into discoveries of scientists, however,
it could be seen that the investigators left little to chance. Trial and error
has a place in many investigations. But the error is greatly reduced and, in
fact, put to use in guiding the scientific investigator on the right track to un-
covering the truth.

The scientific method in solving a problem is as follows:

Step I. STATE THE PROBLEM you are going to try to solve.
It will help bring your thoughts together so you can
concentrate. Many times it is put into question form.

Step II. MATE TIE PURPOSE, or reason, for solving this
problem. Once the value of the discovery you are
trying to reach is understood, the effort will all seem
worthwhile.

Step III. MAKE A HYPOTHESIS (or a reasoned opinion) about
the outcome of your investigation. Put down what you
think you will discover. This gives you a working
idea from which suggestions about how to go about
solving the problem can be taken. This wir Ile called
your experiment design.

Step IV. LIST THE MATERIALS you intend to use in solving
the problem. Like a recipe .4or your favorite dessert,
the materials needed are listed before any directions
about cooking is given. This is another logical step
in having a "mind prepared."

4 3



13-2

Step V. DESCRIBE THE PROCEDURE step-by-step. This is
how you plan to use the materials listed above to
solve the problem. This is the design of your experi-
ment, or your plan of attack. If carefully thought out,
it will leave little to chance. Remember when desing-
ing your experiment the usefulness of a control to
help prove your conclusion.

Step VI. RECORD THE RESULTS of the procedure you followed.
This is Aere you would record your observations of
any changes, or lack of change, in your experiment.
Remember that you observe with all your senses; smell,
hearing, tasting, feeling, as well as seeing. Be sure
to note your observations or measurements immediately.
This will avoid memory loss when trying to recall later
what happened. Many times a drawing or sketch will
help describe what you observed.

Step IV. MAKE A CONCLUSION about the results you observed.
Always circle back to your hypothesis here. Was it
correct? How do your results prove you were right?
If your hypothesis was wrong, your conclusion should
explain why. Here is a good place to suggest another
experiment design to go with a revised hypothesis if
you were wrong.

44



13-3
The Scientific Investigator

(THE SETTING IS IN THE HOME OF THE FAMOUS DETECTIVE, SHERLOCKHOLMES. HOLMES HAS JUST HUNG UP THE TELEPHONE AND TURNS TOHIS ASSISTANT, DR. WATSON. )

SHERLOCK HOLMES: Well, Dr. Watson, another mystery faces us this day.
DR. WATSON: And what's that, Holmes?
HOLMES: HE STA'TESHE ROBLEM) We must find out who has stolen

frieDulcei jeweled medallion.
WATSON: Why must we do it? Why can't the police, or Scotland Yard find out?
HOLMES: (HE STATES THE PURPOSE) The Duke has been a close friend ofthe family for years. Lately he has been having financial problems.He cannot afford such a loss at this time. Besides, the police andthe Yard are baffled and have been unable to crack the case.
WATSON: You've talked to the police and the Duke already. Do you have anyclues or idea who the culprit is?
HOLMES: (HE MAKES A HYPOTHESIS) Well, Watson, from what I havelearned thus far, it seems to have been an inside job. It was nota break-in burglary. I presume the thief to be employed by theDuke, perhaps as one of his many servants. He had to havedetailed knowledge of the house and of the medallion. Let's getour things together now, Watson. The Duke has invited us to behis guest until we can solve this mystery.

WATSON: pack the magnifying glass and the fingerprint kit. Is thereanything else we'll need?
HOLMES: (HE DETERMINES THE MATERIALS AND EQUIPMENT HE'LLNEED) Yes, Watson. We'll need my diamond-studded cuff-linksand tie-pin. Also, bring along your revolver. The Duke wasassaulted during the robbery. This must be the work of adesperate brute. We may need it in the course of the investigation.



13-4

(DR. WATSON PACKS THE EQUIPMENT INTO A SMALL BLACK LEATHER
BAG. TIIEY LEAVE THE HOUSE, ENTER A WAITING CARRIAGE, AND
START FOR THE DUKE'S MANSION OUTSIDE LONDON. )

WATSON: What's your plan, Holmes? I can understand the fingerprint kit
and even the gun. Your personal jewelry has me confused. Is
this to be a formal affair?

HOLMES: (HE STATES THE PROCEDURE) Hardly, Dr. Watson. The police
have thoroughly questioned all the servants. They have come to
no conclusions about who the thief is. I shall play the thief's game.
Sometimes to catch a criminal one must think like one. If the
culprit has the idea that the police have given up. he may consider
himself in the clear. He will be ready to try again. This is the
way of greedy men. I expect to give the chance and lay a trap for
our man. Oh, here we are, Watson. The Duke's mansion. Let's
go in.

(THEY ENTER THE MANSION, GREET THE DUKE, AND HOLMES' INTRO-
DUCES DR. WATSON. THE THREE THEN DISCUSS HOLMES' PLAN TO
CATCH THE THIEF. THE DUKE CALLS ALL THE SERVANTS TOGETHER
AND TELLS THEM THAT THEY ARE ALL FREE TO GO ABOUT THEIR
BUSINESS AS THE POLICE ARE LOOKING ELSEWHERE FOR THE BURGLAR.
HE THEN INTRODUCES HOLMES AND WATSON AS HOUSE GUESI'S. ALL
THE WHILE THE DUKE WAS TALKING, HOLMES WAS PLAINLY FINGERING
AND TOYING WITH HIS DIAMOND CUFF LINKS AND MATCHING TIE-PIN.
AFTER THE MEETING WITH THE SERVANTS, WATSON AND HOLMES GO
TO THEIR ROOM. )

WATSON: What the devil were you doing, Holmes? All the time the Duke
was talking, you kept drawing attention to yourself. You were
playing with that jewelry of yours. It seemed very impolite. Very
impolite, indeed!

46



HOLMES:

WATSON:

HOLMES:

13-5

(HE REPORTS HIS OBSERVATIONS) Maybe so, Watson. But

rather than watching me you should have been watching the eyes of
the servants. Certainly all eyes were on me and my jewelry for
a few moments. Only one pair of eyes stayed fixed on them. They
brightened when the Duke reported that they were all in the clear.
I checked with the Duke about this person. I was told that he is a
heavy gambler. He always asks for advances on his wages to pay
for gambling losses. I also have found his fingerprints near where
the Duke kept his medallion. Now all we have to do is wait.

Wait for what? It's time to turn in, Holmes. It's getting late.
Where are you going now?

Come on, Doctor. Bring,along your revolver. I have put my cuff
links and tie-pin in the cabinet where the Duke kept his medallion.
We'll have to get ready to spring our trap.

(THEY QUIETLY TAKE UP STATIONS IN THE DUKE'S DEN WHERE THE
CABINET STOOD. IT WAS DARK IN THE ROOM AND THE MOON'S FEEBLE
LIGHT THROUGH THE WINDOW GAVE AN EERIE GLOW. THE CLOCK IN
THE ROOM CHIMED MIDNIGHT, THEN 1 A.M. SUDDENLY A NOISE!
SOMEONE HAD ENTERED THE ROOM! )

HOLMES: Now Watson! Turn on the lights!

WATSON: Why, it's Smith, the butler. With a key and everything. I've
got him covered, Holmes. Call the police.

(THE SURPRISED BUTLER RAISED HIS HANDS. THE DUKE ENTERS THE

ROOM, WEARING HIS NIGHT CLOTHES, FOLLOWED BY SEVERAL SLEEPY-

EYED SERVANTS. )

HOLMES: Unfortunately, Watson, you are pointing the gun at the wrong
person, isn't he Duke?

47



13-6

WATSON: What do you mean? If Smith here isn't the man we want, why was
he going for the cabinet in the middle of the night? And who is the
thief?

(THE BUTLER BREAKS DOWN AND CONFESSES THAT HE FOUND THE
KEY TO TIE CABINET ON THE DUKE'S DESK AND TOOK IT WITH TIM
MENTIONS OF STEALING THE CUFF LINKS AND TIE-CLASP TO HELP
PAY FOR GAMBLING DEBTS. )

WATSON:

HOLMES:

There, Holmes, you're wrong. Smith here is the one we want.
He tried to steal your jewelry and stole the Duke's medallion.

(HE MAKES HIS CONCLUSION) You're partly right, Watson.
Smith did try to steal my j ewelry. It was the Duke that made
it easy for him by leaving the key out. The Duke knew that Smith
needed money to cover gambling losses. Because the Duke himself
had gambling debts. Smith never told the Duke why he needed
those salary advances. The Duke knew the advances were also
very small, five or ten pounds each time. There was no need for
the butler to steal a medallion worth a fortune to pay off such
small debts. But the Duke had run up very heavy debts. I found
out he had taken out several loans. There was pressure on him
to make good on them. So the Duke sold his own medallion,
injured himself, and reported it stolen to get the insurance for it.
He had hoped to pin the blame on Smith here by encouraging the
theft of my cuff links and tie-pin. This would throw full suspicion
on the butler and put himself quite in the clear. Call the police
indeed, Dr. Watson. We have our Man!



4 e problem: 14

What special features for survival do plants have? (Another word for these
special features is adaptations.)

clues for you
Find a cactus or other succulent

plant (Succulent plants are those which
have fleshy tissues for conserving
moisture). Cut into the stem and ex-
amine it with a hand lens. Cut a sec-
tion of the root system. Observe it
through a hand lens. A drop of ink or
dye may help you.

How do the stem, roots, and leaf
blades store water?

What are its defenses against
animals?

How does this plant reproduce ?
How does the skin of this plant help

it fit the description of a "vegetable
camel?"

How did the plant protect itself from
you?
Materials:
succulent plant, such as cactus, aloe
sharp knife -

hand lens
ink (or dye)
construction paper

what did you discover?

CAUTION:
Juices from plants may cause minor burning.
Wash your hands with cool water.

other ways to look at it:
.. The mangrove is a very unusual plant. It
grows in shallow water. Find out how it is
adapted for survival. How does it aid in the
formation of new land?
.. Locate a common weed. Pull it up. Look
at it closely. What structures aid it in sur-
viving? Why is it considered a weed? How
is it usually destroyed?

. Read about the plants of one different area,
such as the chaparral, the tundra, or the
tropics. How do their adaptations differ ?
Could they survive in this environment ?
. . Sketch a plant that is abundant in your area.
With labels, show how it is especially adapted
for life in your area. Could it survive in a
different environment? Where else would you
expect to find it growing?
.. Write a riddle about a local plant. Men-
tion at least two of its adaptations. Try to
stump your friends.

Make a chart. Show the special adaptations of at least one plant you examined
or read about. Include a description of the environment for which this plant is
adapted.

4 9
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the problem: 15

What does the soil in your area look like ?

clues for you 1

Read the card, Constructing a Soil
Profile. After you understand the
directions, gather your equipment and
go outside. Follow the directions for
making a soil profile. Repeat this
activity in several different locations.
Try to select areas where the soil will
be different. Tag the samples you
collect.

After you have constructed your soil
profiles, compare them. Are they like
the one on the cover? How is the soil
in your area different? How was the
soil from each location different?

Study the card Soil Profile Chart.
What can you find out about the soil in
your area from this chart? Report to
the class about your soil.
Materials:
information cards, Constructing a Soil

Profile (15-1) and Soil Profile Chart
glass containers (15-2)
shovel
1" cards, glue, plastic bags

what did you discover?

other ways to look at it.
.. Do the other activity cards on soil (16117).
Write a short report about what you learned.
.. Based upon your findings, decide what the
soil in your area is good for. What uses
would you suggest for this land?
.. Invite someone from the Soil Conservation
Service or your county agent to the class.
Ask him to help you test the soil on your cam
pus. Have him suggest the type of plants that
will grow there. Try planting one of them.

'!7 t how scientists use the information
in a
9. This study did not take into account the
animals living in the soil. Do they make a
difference in the quality of the soil?
.. Make a three dimensional soil profile. Use
your soil samples and a glass container.
Have your friends study the soil colors and
texture. What can they tell you about the soil?

Post your soil profiles for the rest of the class. Tell your classmates
what you found out about the soil in your area.

'5 1
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CONSTRUCTING A S011 PROFILE

One of the best ways to communicate your discoveries about the soil in
your area is by constructing a soil profile. A soil profile is really a cross-
section of the soil, showing each layer. A typical soil profile is shown on
the front of this activity card. Soil profiles may differ from area to area.
Each layer in the soil profile is called a horizon. Each horizon represents
a different kind of soil.

53

15-1

You can construct a profile
of the soil in your area. It will
show you the depth of different
types of soil. Start by diggim
down several feet in the soil.
Make a V-shaped cut so that one
side of the soil if left exposed.
Record the depth of each layer.
Use the area at the left of this
card for this. Draw in the layers.
Take a sample from each layer.
Place it in plastic bags. Feel
and record the texture of each
layer. Note the surrounding of
the area (open field, wooded area,
beach).

Return to the classrOom. Using
the notes and the samples, construct
a minature of what you saw. You can
do this several ways. One way is by
gluing the sample to a 1" by 1"
card. Mount the cards on a poster,
identifing each layer.

A second way is by displaying
the samples in jars, estimating the
depth of each layer.



15-2

SOIL PROFILE CHART

Your soil profile can tell you a great deal about the soil. R.:ientists
start by looking at the colors of the different layers. The charts below
show how color is related to different features of the soil.

I. Some Relationships of Color to Soil Conditions

A. Topsoil (This is the top layer of soil on your soil profile. )
The chart below lists some of the features scientists are
interested in. Organic material is the remains of plants
and animals still in the soil (see card #16). The more
organic material the soil has, the richer looking it is.
Scientists are also interested in the erosion factor. This
tells them how quickly the soil will wash away. Aeration
tells you how much air is mixed in with the soil. Nitrogen
is an element that plants need for growth. Fertility means
how well the soil will grow plants.

FACTOR COLOR
!lark moderately Dark Light

(dark grey, brown
to black )

(dark brown to
yellow brown)

(Pa el=own,
to yellow)

Amount of organic material excellent good low

Erosion factor low medium high

Aeration excellent good

!ood

low

lowAvailable Nitrogen excellent

Fertility excellent good low

1. Using the chart above, complete the following for your soil sample:

a. amount of organic material

b. erosion factor

c. fertility



15-3

B. Subsurface Soil Color

The subsurface is the second layer on your soil profile. Its color
indicates to scientists how well the soil will drain.

6`ubsurface Soil Color (B Horizon Condition

Dull Grey
(if in low rainfall soils) Water-logged soils poor aeration

Yellow, red-brown, black
(if in forest soils) Well drained soils

Mottled grey
(if in humid soils) Somewhat poorly to poorly drained soils

What can you say about the drainage in your soil, based upon the color
of the subsurface soil?

IL Effect of Texture

Scientists also look at the texture of the topsoil and subsoil. The texture
indicates the water holding capacity and the looseness of the soil.

Texture

Sand
Silt
Clay

My soil texture

Topsoil (A)

Subsoil (B)

Water Holding Capacity Looseness of

Poor
Good to excellent
High (plants can't use it in clay

Scil water-holding capacity

55
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III. Effect of Soil Depth

The soil depth tells scientists how well the soil will support plant
growth. It also indicates how well the soil will hold water.

N. Effect of Soil Depth on Plant Growth and Water Storage

Deep Soil (over 42")
Mod. Deep Soil (20" - 42")
Shallow Soil (20" & under)

15-4

Excellent water storage and plant growth
Good water storage and plant growth
Poor water storage and plant growth

The potential of my soil for water storage and plant growth is:

excellent good poor

Why ?,

Adapted from: Investigating Your Environment. Portland, Oregon:
U. S. Forest Services

56



the problem: 16

What organic materials are in the soil?

clues for you
Organic materials are materials

that have come from living things.
These materials make the soil riche:.

Go to a wooded area. Predict what
things you will find in the top few
inches of this area. List your predic-
tions.

Stake out an area 1ft.by 1 ft. on the
ground. Sift through the top 3 inches of
soil, recording the evidence of plants
and animals you observe. Your teacher
has a chart. Complete the chart.

Would you expect to get the same
results in a different area? Reprat
the investigation in an area that looks
different. Compare your charts.

Materials:
Data Card (16-1)
string, 4 stakes, tempra paint, sponge,
newsprint, small bags for samples,
construction paper, scissors,
masking tape

what did you discover?

other ways to look at it
. Discuss: Did you find anything that sur-
prised you? Did you expect to find some
things that you did not find?

How does each of the organisms youfound
help the soil?
.. What are some reasons for odors in the
soil?
.. Find out why the amount of organic mater-
ials in the soil is important.
.. Make a display of what you found. Start by
spatter-painting or sponge-painting a back-
ground. Use brown tempra. Make cutouts of
the things you found. Use cut-out words and
drawings. Attach them to the background
with a loop of masking tape. Stand far off.
Can you tell what is in your soil? Look close-
ly. Can you tell now ? How is this like your
investigation of the soil?

Post your completed charts. Compare the results for the areas you
investigated. Discuss the differences.
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16-1
ORGANIC MATERIALS SURVEY DATA CARD

Name or Description of
Item in the Soil Quantity Possible Effect on Soil

The following three terms are used to describe organic matter at the top of the
soil - litter, duff, humus. From your study above, complete the following chart:

Term and definition Describe the feel List the identifiable parts of
plants and animals you found

Litter
(identifiable dead
things on surface)

Duff
(partially decayed
organic matter) _____

Humus
(almost completely

decayed non-identif-
iable organic matter)

_ ____ ........ ..

Reference: 5 9

Investigating Your Environment. Portland, Oregon: U. S, Forest Service.



the problem: 17

What are the non-visible differences in each soil layer ?

clues for you:
Some of the non-visible differences

in the soil include temperature, pH,
and bacteria type and amount. Try mea-
suring at least one of these. You can
use the samples you collected for the
soil profile.

Record the temperature of each
layer to the nearest degree.

Place a small amount of the soil
sample irom each layer in a test tube.
Fill half-way with distilled water.
Shake. Allow to settle. Test the water
with pH paper. Record.

Take soil samples from each layer.
Use a cotton swab. Rub it in the soil
and then. on to a petri dish with nutri-
ent agar. Do one for each layer of soil.
Check the culture each day for a week.
Materials:
pH paper petri dishes
ditilled water thermometer
test tubes plastic bags
nutrient agar chart, Non Visible Soil

Differ rences (17-1

other ways to look at It
.. A plant's growth depends upon the soil
temperature during the growing season. Find
out the growing season for your area.
.. pH is a measure of how basic or acidic
the soil is. Each plant will grow in certain
type soil. Read about the plants in your area
and the type soils they need. Find out how to
make a soil more acidic or basic.
.. Soil bacteria are very important. Find
out what they do. What are some things that
might kill soil bacteria?
.. Your county agent will test the soil to find
out what nutrients it contains. Many people
fertilize without knowing what the plants in
their area need. Find out about natural
fertilizers. What harm does it do to over-
fertilize your soil?

what did you discover?
Make a report to the class on one of the studes you did. Explain why it

is important to know about that one factor.

6 r)
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STUDENT DATA CARD NON-VISIBLE SOIL DIFFERENCES

Adapted from: Investigating Your Environment
Portland, Oregon: 11. S. Foreit Servies

Soil Temperature

17-1

Soil temperature Conditions during growing season

Less than 400 F No growth, soil bacteria and fungi not very active

400 F to 65°F Some growth

65°F to 70°F Fastest growth

70°F to 85°F Some growth

Above 85°F No growth
,

pH

1 4. 5 6. 5 7 8. 5 14
to is too Most plants

acid for most plants do best here)

Example of plants in pH range:
pH 4. 0 - 5. 0: rhododendrons, camellias, azaleas, blueberries, fern, spruce
pH 5. 0 - 6. 0: pines, firs, holly daphne, spruce, oaks, birch, willow,

rhododendron
pH 6. 0 - 7. 0: maple, mountain ash, pansy, asters, peaches, carrots,

pines, firs
pH 7. 0 - 8. 0: beech, mock orange, asparagus, sagebrush

Using the pH ranges you recorded and the table, "Examples of Plants in pH
Range, ",complete the following chart:

to is oo a
for most plants)

me

Some Plants That Could Grow Here
,

Based on the pH Chart
Sornt: Plants Actually Observed

Growing Here

Ga



the problem: 18

Animals adapt to changing seasons in several ways. Find out about the way
one animal adapts,

clues for you
Bring a frog or toad to class. Place

it in a large jar. Take the temperature
of the air in the jar. Count the frog's
pulse rate by watching his throat.
Record both.

Place the jar in a large pan of water.
After a few minutes, record the tem-
perature of the jar and the frog's pulse
rate. Repeat this at two-minute inter-
vals. Continue measurements until the
temperature stops dropping.

What has happened? What caused
the frog's pulse rate to change? How
does this help the frog survive in
colder weather ?

This experiment simulates hiber-
nation. What other animals hibernate
during the winter ?

Materials:
pencils paper
ice reference books
large jar pan
frog or toad thermometer

other ways to look at it:_
.. Find out how the animals in your area
adapt to changing seasons. Research one
local animal.
.. Draw pictures of animals during the winter.
.. Write a poem about an animal's adap-
tation to seasonal changes.
.. What do people do when seasons change ?
.. Find out what the word estivate means.
Try to make a list of animals that esitvate.
Can you find any animals in this area that
estivate?
.. What does the word migration mean?
What evidence of migration can you see in
your area?
.. Collect pictures of animals. Divide them
into groups according to the way each reacts
to changing seasons.

what did you discover?
Report to your class on how one animal adapts to seasonal changes.
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e

How do adaptive structures of aquatic animals compare?
(Aquatic animals are animals that live in water.)

,clues for you:
Compare four aquatic animals that

live in the same area (examples: blue
crab, catfish, horseshoe crab, sea
urchin). Try to make as many first-
hand observations as possible.

Make a chart to help you. Find out
the following things about each animal:

How does this animal see?
How does this animal move ?
How doe's this animal obtain food?
HoW does this animal protect

itself ?
How does this animal breathe?

Materials:
colored pencils
construction paper
pictures of specimens of local aquatic

animals .

information card, Niches (51-1)

other, ways to look at
.. Compare the skeletons and shells of these
animals. If any flesh remains, boil it away.
Mount and shellac the skeleton or shell;
What information about the animal can you
get from the skeleton?
.. The horseshoe crab is called a living
fossil. Find out why.
.. The blue crab and the catfish are both
considered scavengers. Find out why scav-
engers are important. (Read the information
card, Niches.)
.. How, do these four animals relate io one
another? Are any of these economically im-
portant to your area? Are there any threats
to their survival?
.. Try this study again with four animals
that live on land. Compare them in the
same ways.

what did you discover?
Display your chart. Compare it with the results your classmates got.
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e problem:

How are the animals in your area suited to a particular habitat? (If you
aren't certain just what a habitat is, read the information card Habitats.)

clues for you
Select a habitat in your area. Begin1

by describing the habitat. Observe at
least two animals from that habitat.

Keep a record of your observations.
Note all details on structure and be-
havior that fit these animals to their
environment. Take or draw pictures
whenever possible.

Which activities of these animals
(search for food, nesting, traveling)
seem to be directly affected by the
environment? How?

Make a model or draw a picture of
the habitat and the animals. Show how
each animal is adapted for life in that
habitat.

Materials:
information cards, The Survivors (57-1

and Habitats (20-1)
pencil and paper, twigs, glue
cardboard, water colors

20

other ways to look at it
Would these animals be able to survive

in a different habitat? Predict where else
they might be found.
.. What would happen to these animals if the
habitat changed drastically ? What things are
happening in the community that might cause
the habitat to change?

How can the destruction of a habitat cause
an animal to become extinct? Read The
Survivors. Report to the class.
.. Research one animal that does not live in
your area. Point out reasons this animal is
not suited for life in your environment.

Make mini-habitats for display in your
class. Use a real plant or a model. Draw
pictures of animals that might live in that
habitat. Mount the pictures on cardboard.
On the back of the picture, add a list of the
animal's adaptations to that environment.
Attach the animal to a twig. Place it in the
habitat.

what did you discover?
Prepare a display on the animals you studied and the habitat in which they were

found. Include a diary of observations and sketches, photographs, or models of the
animals studied.
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20-1

INFORMATION CARD

Habitats

Plant and animals depend upon each other in many ways. They
live together in communities. Within these communities, each plant
and animal lives naturally a certain place. That place is its habitat.
A habitat has all the conditions the plant or animal needs to live.
There it has the right kind of climate, food, water and shelter it needs
to survive. We say that the plant or animal is adapted to that habitat.

There are as many different kinds of habitats in each community
as there are kinds of plants and animals living there. In a woodland
community of plantc and animals, you might find an earthworm living
in the ground. The ground is the earthworm's habitat. You might also
find a woodpecker living nearby in a tree. The tree is its habitat. If
the earthworm and the woodpecker changed places, each one would
soon die. Neither one is adapted to live in the habitat of the other.

Habitats may be very small, as in the case of the earthworm, or
they may be very large. A hawk soars over a whole woodland com-
munity to find the food, water and shelter it needs. In his case, the
entire woodland community is his habitat.

There are also habitats within habitats. The hawk's habitat may
be a whole woodland. The habitat of a chipmunk might be just a few
square yards on the same woodland floor. The chipmunk can get its
food, water and shelter in a much smaller area than the hawk can.

Here are some questions you might want to ask yourself as you
investigate habitats. Does a little change in temperature make a dif-
fekence in the type of plants that will grow ? Does the amount of light
make a difference in what lives there? How important is soil? Is
there a difference between the organisms that live in places that are
wet or dry?

Miller, Shirley. The Story of Ecology. New York: Nat'l Audubon Society
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Habitats

VOCABULARY

1. communities: groups of animals or plants living together

2. habitat: place where a given plant or animal lives

3. adapted: fitted, or adjusted to

70
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the problem: 21

How can the fright distance of an animal be meae,ured?

dues for you
Gather your equipment. Go flr a

walk around your school or home.
When you sight an animal, try to
identify it. Walk slowly toward it.
Make a mental note of the exact lo-
cation of the animal. The moment the
animal moves, drop the cloth marker.
Walk to the spot where the animal was.
Measure the distance back to the cloth
marker. This is the friy.;ht distance.

Repeat Lhis activity at least three
times. Be sure to use an animal of the
same species. Record your data on a
chart.

Pick animals of cJeer species. Com-
pare the fright distance. Compare
your data with that of your classmates.

Materials:
white cloth (handkerchief size) for marker
100 foot tape measure
clipboard pencil and paper
information card The Scientific

Investigator (13-1)

othf.r ways to look at it_
.. Can tile J.Liight distance of an animal be
changed? Become familiar with one animal
in your neighborhood. Measure the animal's
fright distance. Design an experiment to see
if you can change the fright distance. (Read
the Scientifie Investigatxe before you start.)
Report your conclusions to the cthss.
.. How lvv Ad whistling or shouting change
the fright distance? Try it.

How does timidity help protect an animal?
.. Make sketches of the animals you studied.
.. Repeat your experiment. This time try it
with birds or small mammals in a publie
area. A park is a good place to start. Do
these animals have a high or low fright.
distance? Why do you think this is so?
.. Disc IS'S: the fright distance if an
animal is an inborn characteristic.

Write a cinquainabout one animal observed

what did you discover?
Make a fright distance chart. Average the distance of each speciee alier

several measurements. Make conclusions about the timidness various species.
Arrange the spec:Les on your chaA according to timidness,

7 1
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darning needle
glued on to blade

cardboard pan
3" x 3"

hacksaw blade

screw

block of angled
wood to support
saw blade
2" x 4" x 8"

Directions to Construct a Micro,Balance

- Calibrate your scale in grams

1 ounce = 28 grams
a new nickel = 5 grams
a new dime = 21 grams

Materials: block of wood 2" x 4" x 8"
ruler with millimeter marks
one piece of wood 18" x 4" x 1"
one piece of wood 1" x 4" x 1"
string, glue
cardboard piece 3" x 3"

75
Resources:

Birds. Mine Publications, Inc. Minneapolis, Minnesota. pp. 69-71.
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ruler

block of wood
16" x 4" x 1"

nails



the problem: 23

What survival techniques do plant and animal species have to insure new
generations?

clues for you:
Carefully read the information

card, Six Ways to Success.
Study at least five plants or animals

that are native to your area. Report to
the class answering the following
questions:

How long does this animal live?
How often does it mate?
How many offspring does it have ?
How does it protect its young?

Decide which, if any, of the six
survival techniques each animal uses.

What happens when the environment
changes? Would this animal be able to
survive if its environment changed
drastically? Can this animal change
its survival techniques?

Materials:
information card Six Ways to Succrs

(23-1)
chart or construction paper
reference books

other ways to look at it
.. Doer man use any of these survival
techniques? Why has man been so successful
in populating the earth? Does man have any
weaknesses hi his survival techniques?
.. Pick one plant or animal that is con-
sidered a pest in your area. What makes
this species so difficult to control? Does
this species have one of these survival
techniques?
.. Do research on animals or plants that
have become extinct. Track down the weak-
nesses in their survival techniques. Read
up on endangered species. Determine why
new generations are not succeeding in large
numbers.
.. Plant seeds have many survival tech-
niques. Study the plants in your area. Make
a chart. Show ways seeds are spread and
adapted for their special task.

what did you discover?_
Make a chart. Divide it into six parts, one for each techr.e. Place the

animals and plants you studied in the correct areas. Have your ,:.,-ssmates add
the animals they researched to the chart. 76
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SIX WAYS TO SUCCESS1

1. Reproducing Often

Wrens may rai se as many as three broods a
year. They breed wh en they are a year old. If
their nests a r e destroyed, they will build another
nest and lay more eggs. They do this as many
times as needed to insure their young will survive.

3. Many Sex Cells

When c o d mate, the f e mal e may
release as many as six million. eggs.
The male releases millions of sperm
cells at the same time. The cod do not
protect their eggs or young. Although
many of them a r e eaten by other fish,
the great numbers of eggs insure that
some will survive.

23-1

2. Maturing at Different Ages

Eagles live for twenty years or more. They do not
breed until they are four or five years old. Each pair
of eagles c laim s a territory. They Chase the other
eagles from this area. By chasing other eagles away,
the pair insure themselves and theiryoung of a food
supply. By waiting un til they are four year s old to
mate, the eagle is strong enough to defend its territory
and raise its young.

Fec

1"Six Ways to Success" Nature and Science, March 27, 1967, p. 8.



5. Protecting the Fertilized Egg

Most female lizards lay eggs and bury them
in moist warm places where they hatch. Lizards
in cold climates, however, do not lay their eggs.
They keep the eggs inside their bodies until they
are almost ready to hatch. The female lizard can
bask in the sun for warmth.

23-2

4. Getting Gametes Together

Many kinds of plants have flowers that attract
certain insects. When an insect flie s from one
flower to another of the same kind, it brings the
plants gametes (sex cells) together. The Dutch-
man's Pipe, shown here, traps in sects inside
until the pollen is ripe. T h en the ha i r s of the
flower collapse and the insect crawls Nt, carrying
the pollen with him to the next flower.

6. Surviving After Birth

Jackrabbits are able to see, hear, and run soon
after birth. They can survive without their mother
a few days after birth. Other animals, like the coy-
ote, are helpless for several weeks. They depend
on their mother for food and care. They learn to
hunt by imitating her. Without parental care, the
pups could not survive.
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24-1

INFORMATION CARD

The Environment Cork

What does the word population mean? Does it mean only the number
of people living in a certain place at a certain time?

The word population can also be used in studying other living things.
It can be the number of alligators in a swamp. It can also mean th e. number
of mice in a meadow or the number of trees in a forest.

Every living thing reproduces itself in order to insure the survival of
of its species (see information card, Six Keys to Survival). The term
biotic potential is used to describe the ability of the species to reproduce.

Not all species have the same biotic potential. Large animals have
low biotic potentials. Elephants produce few offspring. So do humans
and condors. Smaller animals usually have a higher biotic potential. So

do most plants. A pair of field mice can produce 6 baby mice 17 times
a year. The young mice soon have their own offspring. In a few months,
the original pair can become millions. An oyster can release a million
eggs. Insects and frogs lay hundreds of eggs. A tree releases thousands
of seeds each year.

Why aren't we up to our necks in mice or frogs? What is it that "bottles
up" these populations ? What is it that keeps them from covering the earth?

The environment serves as a "cork." It stops the overflow of populations.
Many animals are eaten by other animals. Others are killed by disease.
Many starve. Some die due to fire, earthquakes, or bad weather. The
conditions in the environment determine how many animals and plants will
survive.

In early spring, you may see many seedlings sprouting on the forest floor.
Only a few survive to become trees. The seedlings compete for sunlight,
minerals, and water. The environmental conditions limit the number that
will survive. Even as they grow, fire, flood, or bad weather may kill some
of the survivors.

:3 2



24-2

There seems to be another "cork" to rapid population growth. This
is the behavior of the species itself. When conditions become crowded,
some mammal families stop reproducing. Scientists have observed this
in a crowded cage of mice. Other species may abandon their young.

For thousands of years, these environmental controls have worked.
They have kept populations within environmental limits. Lately, man
has learned to control the controllers. He has killed or driven off his
predators. He has discovered medicines to help him avoid death and
disease. He has learned to increase food production.

These advances have led to a population explosion (see information
card, World Popeation). New problems have arisen. These may prove
to be a greater control than nature ever intended. Man is polluting his
air and water. Man is beginning to realize that the earth's resources
are limited. Populations cannot increase forever.

--Adapted from: Ranger Rick's
Nature Magazine, "Populations",
by Laurence Pringle, April 1973,
pp. 22-28.

For Math Experts Only:

1. On the average, a pair of field mice wil' produce 5.baby mice 17

times a year. Figure out how many mice the original pair wou:d
be directly responsible for in a year.

2. Now, depending on climate, a female field mu/se will be ready to
breed in three weeks. It also takes about three weeks to produce
a litter. Using the accompany chart, comput the theoretical
number of mice resulting from a single litter born to our original
pair of field mice.
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Envirom ental Cork

VOCABULARY

1. population: number of plants or animals living in a region.

2. species: a group of animal or plants that are alike.

3. birtir: potential: the ability of an animal or plant to survive
in the environment

abandon: leave something alone



24-4

POSSIBLE REPRODUCTION PATTERN OF FIELD MICE FROM A SNGLE LITTER
(in a year's time)

Remember, this total is only one litter's worth. Our original pair may
repeat this 17 times in a year, as will each succeeding generation. Why

aren't we up to our necks in field mice?

8



, the problem: 25

What is happening to the population in your area?

clues for you:
The following numbers represent

the population of Brevard County.

Brevard County Population*

Year
1950
1960
1970
197i (estimated)
1980 (estimated)

Number of People
23, 500

111, 000
230, 600
248, 000
295, 700

Kennedy Area Chamber of
Commerce Figures

I

What has happened to the popu1ate:1(ml
of this area? (If you live i: another 1

area, compare your own populaticn 1

figures. ) Make a graph ol '71,e oia -
tion in your area over the last 20years.
What is happening to the population?
How does this affect the area?

Materials:
FalFraper
pencils
ruler

magazines glue
scissors
poster board

what did you &cover?

other ways to look at
.. Survey the people in your area. Ask how
long they have been here. Find out if they
intend to stay. Why did they come here?
Discuss what yod found out about the resi-
dents of yOur community.
.. :Rudy the history of your area. Talk to
some people who have lived here for a long
time,. How has the area changed? What things

ssponsible for the changes? Report to
.ass.

,low does a populat:Jii change affect the
re..;ourcos of au area? Make a collage show-
lag the resources people in your area need.
Does your 47,..ea have enough resources to
suppor: continued growth?
.. Are other living things affected by changes
in human population?
LLt.. , What is happening to the population of.

sate? Nation? Find out. Contrast this
u tile changes in your area.

,..MI

Put your graph and the anEwrs to %e quesaons on disp!,
room. See what information yor elm:mates can add.

111111111Md
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26-1

World Population

Suppose this page were completely full of dots the size of those along
the top and the margin. How many dots would there be on the page? If
you fill in the rest of the dots there will be 4900 dots. Add 100 more and
you will have 5000. How many pages of dots would it take to show 1tbillion?
It would take 200,000 pages. The average size phone book has about 400
pages. This means it would take 500 phone books filled with dots on each
side of the page to represent 1 billion. That's a lot of dots.

The world population is now at 3.8 billion people. That means 2000
phone books filled with dots to represent the world population. Figure out
how high the stack would be. The world population in 35 years will be 7billion. That's 3500 phone books. In 70 more years the population will
have jumped to 14 billion unless something happens to slow down the
growth rate. What is causing this jump in population?

One hundred thousand years ago, the population was small. Peoplelived in caves and hunted for all their food. When someone wanted some-.
thing to eat, he had to go out and look for it. If he did not find any food
then he went hungry. In winter the cave was the only protection people
had. Many died and few lived for long.

.

Man survived tliose trying times. He soon began cooperating in the
search for food. Large gro,.ps would hunt at the same time. It became
easier to get food. Some people began to grow food in the area of their
own "housr s." Animals could be caught ahead of time and stored alive
in corrals, Man began living in "cities. " Since they didn't have to
spend so much time hunting, the could make clothes frcm skins. They
made tools to help them huntbetter. Man was beginning to control his
environ.nent. Many children still died young, but the death rate was
decreasing.

One of the fe:.ctors controlling the rate of population growth rate was
diseas'% Man still had not learned how to control germs. Many .diseases
continued to wipe out large numbers of people. Some people migrated to
other parts of the world. The population became more spread out. This
helped to increase the rate of growth since the diseases were not carried

9



26-2

as easily across the oceans. As newer methods of disease control were
discovered, the death late among the population declined. More people
lived to produce more children.

Another factor controhing population growth is war. War destroys
people. This reduces the population growth rate a little but not as iauch
as the natural wars with the forces of nature. Famine wipes out entire
population areas. Famines can be caused by drought, or by insect popu-
lations eating the food crol,s. Irrigation.has provided areas for Props
that were not available in earlier times, As food becomes more plentiful,
the population growth rate incre%

Modern technology has !er for people. There is more
time to relax and rest. People :Lave to spend as much time looking
for food. Diseases, famines, and natural disasters that wiped out entire
populations have been brought under control. The result is an increasing
world population that threatens to make the earth one large people-standing-
place. In the year 2500, if the popul '.ion continues to grow at the present
rate, there will be one person per square foot of earth. The earth will
truly have "No Niacancy."

VOCABULARY

1. famine: a period 1 time when food crops fail

2. drought: a long period of dryness

3. irrigation: to supply with water for agriculture

4. technology: a method of making things like machines

92



World Population

2000 1000 AD BC 1000 2000 3000 4000 5000 6000 7000 8000
years

Country Birth rate' Death rate per 1000 poplation
Mexico 43 10

Brazil 38 10

United States 15. 6 9. 4

U. S. S. R. 17. 8 6. 2
India 42 17

China 30 13
WORLD 33 13



Age at

death

0-5

6-10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

81-90

91+

Data Card
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1821-1870 1871-120 1921-1970
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INFORMATION CARD

Problems With Populations

Study the cover of the activity card on world population. As you can
see, the population is growing at an alarming rate. More people need
more land, more cars and more services. They pollute the air, water
and the land. They use valuable resources.

Look at the population of the United States. In 1973, the birth rate
fell to 2.03 children per family. It it were not for immigration, the U.S.
population would not increase. So we don't have anything to worry about,
rig-ht ?

WRONG:

By the time he is 70 years old, the average American will have used
26 million gallons of water and 21,000 gallons of gasoline. He will have
eaten 10,000 pounds of meat. He will have consumed 14,000 quarts of
milk, and used $6,000 worth of clothing.

Every year, Americans throw away 100 million tires and 20 million
tons of paper. They also discard 28 billion bottles and 48 billion cans.
No wonder we spend $2.8 billion on garbage collection:

Americans make up only 5% of the earth's population. They ccnsume
407) of the resources each year. They also account for 30% of the world's
pollution.

More people will use up more land and minerals. That's why
environmentalists have concluded that America must stablize her population.
Some go so far as to say it should be reduced. Dr. Ernest Hauser is an
internationally known population expert. He predicts that if all people
had a standard of living equal to Europeans the earth could support only
1.5 billion people--half as many as it has now.

--1971 EQ Index. Washington National
Wildlife Federation, 1970.
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Questions for Thought

1. Have you done the activity cards on population?

2. What problems would result from an increased world population?

3. What can be done to help solve this crisis?

4. Why do Americans consume such a large percentage of the earth's resources?

5. Why could the earth support fewer people if the standard of living increased?

6. (For math experts only.) Figure out how much of the following would
be used by a city of 200,000 people (Ivey.. a 70-year period:

a. water
b. gas
c. meat

1. consume: use up

d. nk
e. cluthing (value)

VOCABULARY

2. environmentalists: people who study the environment, and are
intereted in protecting it

3. stabilize: keep at one level, or in one condition

4. reduced: made less

5. crisis: very serious problem that must be sowed immediately



the problem: 28

How much land do you use?

clues for you a

Each individual in the United States
needs the following amounts of land:

1 acre for producing grain
41 acres for grazing animals
-2- acre for producing fruits and

vegetables
How many acres of land are used to

feed the members of your family ? To
feed the members of your class? The
people in your state? The people in
the United States?

How many acres of land would it
require per person if you ate no meat?
Can a person live without meat?

What other ways could the amount
of land per person be reduced?
Suggest at least two ways.

Materials:
encyclopedia
World Almanac
Coca-Cola game, Make Your Own World

other ways to look at it_
.. Land use in the continental U. S. is as
follows:

544 million acres - grassland pastures
373 million acres - forest pastures
355 million acres - cropland
398 million acres - ungrazed forests
125 million acres - tundra, swamps,

mountains, deserts
61 million acres - wildlife refuges, parks
54 million acres - urban areas and

transportation routes
Figure it out: How much unused land is
there in the U. S. ?

Play the Coca-Cola game, Make Your
Own World. Decide how the land should-be
used.
.. What effect will population growth have
on the above figures?
.. If more land is needed for urban areas
and transportation, where Should it come
from?

what did you discover?
Design a model community. Show how each piece of land is used, ,13e sure

to include land for raising food, recreation, sewage treatment, and transportation.

9 9
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the problem:
Are there special areas of you school or schoolyard where litter is found

clues for you:
Take your notebook and pencil, and

tour your classroom. List the places
where you see litter. Note what kind
of litter it is.

Tour your schoolyard. List the
locatjon, amount and types of litter
you find.

Draw a map of your classroom and
your schoolyard. If you need help,
read the information card, Making A
Map.

Make up a system of symbols for
the types of litter you found. Using
symbols on the map, show where
each type of litter was found.

paper * cans°
plastic° others -
glass

Collect all the litter you find.
Ma eria s:
information card, Making A Map (29-1
pencil watch

Paper tapemeasure
notebook bags or trashcans

other ways to look at It
Did you find a place where no litter wai

found? Why is there no litter?
Start an anti-litter campaign. How can

you educate your friends at school without
causing more litter or solid waste?
.. Try creating a spot announcement about
preventing litter. See if you can give it to
other classes.
.. Make a survey of your community. Are
there places where litter collects? See
what you can do about it.
.. Measure the volume of the litter you
found. If this much builds up in one day,
how much will there be in a week? Month?
Year? (HINT: Volume = Length x Width x
Height)
.. Use some of the litter you found to make
a garbage' (garbage collage).
.. How much of the litter you found will
decay?

/what did you discover?
Discuss the problem of litter on the school grounds. As a class,

decide or) one project to reduce the amount of litter. Keep records. Decide
if your project was effective.
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29-1

INFORMATION CARD

Making a Map

Making a map is really easy. All you need is a watch, a tape measure

or yardstick, pencil and paper, and yourself. Here's what you do--

-First, stand in the area you want to map.

- -Next, measure off a base line. Measure 4
your pace and then pace off the base line.

The base line should go across most of r-baseith6

the area you are gain g to map.

- -Third, stand at one end of the base line.

Hold your watch so the 12 is aimed straight

along the base line. Proceed to locate the

objects on your map using the face of the

watch.

--Now, go to the middle of the base line.

Locate the same objects again using the

face of the watch as before. Be sure you

are facing the same way. Each place the

two lines intersect is the location of an

object.

--Now you are ready to put your map on

paper. First you must decide on a scale.

The scale allows you to fit your map to a

piece of paper.
I.)

0

to k



29-2

The size of the area you map will determine your scale. A piece of paper

8" wide will map the following sizes :

a scale of 1" = 100' will map a space 800' wide

a scale of 1" = 40' will map a space 320' wide

a scale of 1" 20' will map a space 160' wide

Your finished map should look like this:

Tiral(Park wcp

4

,5cale I "r. do'

Note: If you have trouble holding your watch steady, try this. Stick a thick yard
stick or board into the ground. Put a lump of clay on the end of the stick. Place
the watch on the clay with the 12 pointing along the base line. Sight across the
watch to the object.

10 I



The U. S. spends over $42 billion each year on solid waste. How do you

,Icontribute to this problem?

clues for you:
The problem of solid waste starts at

home. Keep a record of everything
your family buys and throws away for
two days. Get the rest of your family
to help. Post lists by all trash baskets
and garbage cans.

Study your lists. Decide what you
could have reused or recycled. Could
you have bought containers that will
decay rather than, metal or glass?

Did you really neeu the things you
bought? How long can you use them?

Read the information card, The
Things We Throw Away. WhatFalems

garpage causing? How is the country
handling the problem? What plans are
being made for the future?

Write a short report for the class.
Answer these questions.

Materials:
information cards, The Things We Throw

Away (30-1), Recycling (30-3)

garWe
shovel

Try cImposting your garbage. Use t
compost for fertilizer.

Locate a grocery-that does tot'prepacka
produce. Compare their price for produce
with a store tIlat does prepackage it. Are yo
paying for wrapping you throw away?

Compare the price per ounce of soda
in a can to that in a returnable bottle.
costs more? Compare other items in re-
turnable and nonreturnable Containers. How-

do nonreturnable containers hurt the environ-
ment?-

Read the card, Recycling. How do we save

two ways_when we FeTir-c17-
Have your class save all their newspaper:.

for a month. Take the paper ,to the recycling
center. How many pounds of newspaper did
the families of your'class use in a month?
Use the money to plant a tree.

How i6 gartage in your area.disposed of
Does it kiurt the environment?

what did you discover?
Make a bulletin board showing your record of purchases and throw-aways.

Include some examples of which purchases could have been avoided and materials

reused. Display some original ideas of how throw-aways can be reused.

1.05
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30-1

INFORMATION CARD

The Things We Throw Away

Man has always had a problem with trash. Even the earliest cavemen
had some things to throw away. But things were simple then. Most of
what early man threw away was animal or vegetable matter that quickly
returned to the earth through decay.

Things started off simply enough. But today, solid waste has become
an enormous problem: In the U.S. alone, we produce 4.3 billion tons Of
solid waste each year. This is 6 pounds per day for each person in the
United States. By 1980, it is expected to be 8 pounds per person per day.
Much of this garbage will not decay. Glass, metal, and plastic stay in the
environment for years.

Where do we put all this trash? Most of it (95%) ends up in open dumps,
including the ocean. Open dumps are a breeding place for carriers of many
diseases. Rain washes through the dump and pollutes ground water.

The next most popular method of disposal is the sanitary landfill. A
sanitary landfill is where garbage is dumped, leveled Off, and covered with
soil every night. More garbage and soil are added until the site is filled in.
After 10 or 20 years of settling, the lafid can be used for parks, playgrounds,
gplf courses, or airports. A sanitary landfill is more expensive to have than
an open dump, but the advantages are obvious.

About 15 million tons of garbage is disposed of in incinerators each year.
Incinerators burn the garbage. Many of the older incinerators add to our
problems with air pollution, and must be changed.

Much of America's garbage will not be collected. Sixty million tons
of garbage are left to litter our countrysidc each year. .

What is the outlook for the future? Each year America's solid waste
problem gets bigger. In 1970 congress passed the Resource Recovery Act
of 1970. It is designed to encourage us to find new ways to manage solid
waste. Scientists are exploring ways to recycle much of solid waste while
the rest is burned to produce energy. Ways are also being explored to
encourage industry to recycle materials.

Source: My World, Your World. Washington: U.S. Gov't Printing Office, 1972.
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VOCABULARY

1. enormous: very large
2. sanitary landfill: a place'to dump garbage (usually in a swampy area)

dirt is then used to cover the garbage.
3. incinerators: used to burn things

1 08
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Recycling

What would happun if

-- you never wore your clothes twice?
-- every time your clothes got dirty, you threw them in a pile and never

washed them ?

You would soon run out of clean clothes--and would have a big pile of used
clothes:

We km i we have to use our clothes more than once, but there are many
things we don't reuse. We don't reuse newspapers, paper cups, plastic forks,
glass containers or aluminum cans. When we are finished with them, we just
discard them. Someday we may have nothing left but a big pile of garbage:
Each time we use things only once, we are adding to the problem.

Most of the things we use every day like aluminum, steel and paper are
made from raw materials called natural resources. Some of these natural
resources are called non-renewable, because they cannot be replaced. Others
can be replaced if we do not use the materials faster than nature can replace
them.

109
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To recycle something means to use it again. There are several reasons
why re:.. 1:ling is good:

1) It conserves our valuable natural resources.
2) It makes less garbage to dispose of, and
3) It saves money.

Here are some ways in which you and your family can help save natural
resources by recycling:

1) Don't buy non-returnable bags and containers. Buy botUes that you
return for a deposit rather than bottles that you just throw away (non-deposit
bottles). Tell your mother to buy fruits and vegatables that have not been
wrapped in plastic. You will have to buy some bags, but try to reuse them.

2) Don't buy plastic containers. Plastic containers cannot be recycled.
They do not rot. They just add to the garbage pile. Many things come in
glass, metal or paper containers that can be recycled. If you must buy some-
thing in a plastic container, try to find a use for the empty container instead
of just throwing it away.

3) Try to use fewer paper products. Paper plates, napkins, paper towels,
tissues, newspapers, writing paper and magazines all add to the problem of
garbage. Try to be careful in your use of paper products and then recycle
the used paper.

4) Recycle all materials that you can. Aluminum, glass and paper can
all be recycled. Recycling saves natural resources, reduces solid waste,
and makes some money for you, too.

5) Find uses for materials that can't be recycled. Plastic materials
cannot be recycled, but they are hard to dispose of. Try to find ways to
use these materials. You can use cut-off containers for storing toys and
crayons. Foam from meat trays and cups can be cut to make mobiles.
Plastic forks and spoons can be reused.

6) Make a compost pile with some of your garbage. All the organic
materials in your garbage (except meat) can be recycled by making them
knto fertilizer for your lawn or garden.

110
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the problem:_ 31

Air is a mixture of certain elements and compounds, mainly nitrogen, oxygen,

carbon dioxide and water vapor.
Are there certain situations which occur that will cause a change in the pro-

portion of any of these?

clues for you
Take some water and mix in a little

dirt. Put the dirty water into a small,
shallow dish. Observe the dish for
several days. Where does the water
go? Record the amount of water you
used and the length of time it took to
disappear. Did you increase or de-
crease the amount of water vapor in
the air?

Take a glass and place it in a
shallow bowl. Fill the glass with ice
and keep it filled. What happens on the
side of the glass? Where does the
water come from? How much water do
you get? Record again the time and
the amount of water formed. Did you
increase or decrease the amount of
water vapor in the air?
Materials:
information card, Measuring the Micro-

climate of a Habitat (54-6)
water glass
dirt ice cubes
shallow dish

what did you discover?

other ways to look at it
.. Recycle means t;) use over. The water
cycle is natures way of recycling water.
Show how water that falls as rain can be

used and then return again as rain.
.. Do some reading about water vapor or
moisture. List some of the effects on the
environment of increased moisture in the
air. Do the same for decreased moisture in
the air.
.. The amount of moisture in the air is
called humidity. Read the data card on
Measuring the Microclimate of a Habitat.
Find out how humidity is measured.
.. Keep a record of the relative humidity in
your area for several days. What does the
relative humidity tell you about water vapor?

.. Go outside early in the morning or late
at night. Look for examples of condensation.

Draw the water cycle. Describe what conditions would be necessary
to cause it to "rain" in a large glass bowl.

1 I 2
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the problem: 32

How can impurities in water be removed?

clues for you 4,

Make a filter. Start with a gallon
can. Punch holes in the bottom. Add
a layer of gravel several inches thick.
Cover this with a thick layer of sand.
The can should be at least half full.

Make a solution of dirty water.
Catch the water that comes out. How
has it changed? Repeat this experi-
ment. This time use a solution of
salty water. Taste the water when it
comes out. Has it changed? How can
you get rid of the salt in the water?
Try it.

How does nature remove these
impurities from water? What are
some of the disadvaatages of having
nature do this job?

Materials:
information card, Waste Water

Treatment (37. 4)
balance dirt
salt sand
water tin can

what did you discover?

other ways to look at it:
.. Repeat the experiment to remove salt
from water. This time, weigh the salt be-
fore you start. When you finish, weigh the
amount of salt you recovered. Did you get
all of the salt back?
.. Read the card, Waste Water Treatment.
How arc the filtering and settling processes
used in the treatment of water? What other
methods are used to purify water?
.. Will filtering remove disease germs from
water? How can they be removed?
.. Locate a drawing of the water cycle.
Study it. Make your own drawing of a water
cycle. Show how the steps in the water cycle
purify water.
.. What happens when man uses water
faster then it can be purified and replaced
by nature?
.. Make a list of natural materials that
might pollute water. Show how they can be
removed.

Make a diagram. Show at least two ways impurities can be removed
from water.
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Over 97% of the world's water is in the oceans. With population and
freshwater use increasing, scientists are trying to find inexpensive ways to purify

sea water. How can sea water be desalted?

the problem: 33

clues for you
Draw a quart of sea water from the

shoreline or mix a salt solution. Let
the sand settle and then taste the water.

You will need a still to complete
this activity. You can make one (see
card 33-3) or you can use a teapot and
a hotplate. Place a small amount of
the salt water in your still. If you are
using the tea pot place a piece of glass
over the spout. The water will con-
dense and run down it. Collect the
water in a glass.

When your still has produced some
water, taste it. Does it still taste
salty? Does it taste the same as tap
water? Could this method be used to
produce fresh drinking water for large
cities? What are the disadvantages of
this system?
MaterfaigE
information cards, How to Build a Solar

Still (33-3) and Commercial Desal-

ination (33-1)

matiiTaig for still (see 33-3) or hot plate
and teapot, _piece of glaAs, container

,what did you discover?

other ways to look at it,
How is the procedure you used similiar

to the water cycle?
Read up on the world's pure water prob-

lems. How may distillation of ocean water
help solve this problem?

. Are there any other ways to desalt or us9
salt water to produce fresh water? Read the
information card on Commercial Desali-
nation. How does this plant's operation com-
pare to yours?

Does the desalination process produce a
by-product? What is it? Can this be used to
help pay for the desalination?
.. Read about the different methods used to
get fresh water. Are there any desalination
plants being used in your state?

Display samples of both the water collected and the aesalted sample
enough for your classmates to taste. Make a drawing of your purification process

--fclr display. 116
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33-1

INFORMATION CARD

Commercial Desalination (de-sa1-in-a-112n

Desalination is the process of changing salt water into fresh water.
This process has received more attentibn in the last few years. This
is because our freshwater supplies may not be great enough for our
growing population. Since over 97% of the earth's vater is in the oceans,
it is only natural for men to look there.

Desalination can be done in a number of ways. Basically the opera-
tions either remove the water or the salt. In your experiment, you
removed the water by distilling it. Distillation (or evaporating and con-
densing) of salt water has been used for many years aboard ships. The
ship's waste steam is used to distill the water. Several land-based
stills have been built in dry regions, such as Kuwait. In oil-rich Kuwait,
petroleum deposits provide a cheap source of fuel. These plants, how-
ever, have two disadvantages: they are slow and costly. The total
output of these plants is not much more than that of a single, large,
metropolitan waterworks plant.

At Freeport, Texas, the U.S. Office of the Interior operated a
waterworks plant that distills seawater in four stages. The four stages
are very much alike, but they operate at lowered temperatures and
pressures. In this way, the steam produced in one unit becomes the
source of heat for the next unit.

Water may also be separated from the salt by freezing. Freezing
processes require less energy than distillation, but the cost of opera-
tion is much higher.

Salt can be removed from the water by forcing the salt through a
membrane. This process is called osmosis. Again, the process is
slow and costly.
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In short, commercial methods of desalination have not yet become
practical. They are too expensive and slow. This is an area that needs
more research.

Questions for Thought

1. Why are people looking to the oceans for freshwater?
2. Why can't people drink salt water?
3. Why isn't desalination of salt water practical?
4. What is the main method of desalting sea water?

VOCABULARY

desalination: to take salt out of water

2. distillation: changing from a liquid to a gas by heating and
then back to a liquid by cooling

3. metropolitan: city-like

4. membrane: a thin sheet of material that lets certain liquids
and solids pass through

osmosis: passing of liquids through a membrane

119
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INFORMATION CARD

How to Build a Solar Still

Materials: sea water
plastic wrap
pie pan
paper clips
baby food jar

1. Make a cone shape out of the plastic wrap. It should be a little
smaller than the diameter of pie pan.

2. Place three or four paper clips along the top of the baby food jar. Fill
the jar about half-full with sea water.

3. Place the baby food jar in the center of the pie pan and put the plastic wrap
cone on top of the jar. Place the still outside in the sun or on a sunny win-
dow sill. (A light can be used instead of the sun, but this destroys the idea
of cheap power)

4. The cone should be just inside the edge of the pie pan and above the surface.
Leave the still for several hours in the sun.
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the problem: 34

How much do you know about your water supply ?

clues for you
Call, visit, or read about your

local water treatment plant. Here are
some questions to ask:

1. Where does my water come from?
2. How is the water treated before

it reaches me?
3. How does the water reach my

home?
4, Is there enough water for all the

people in the area?
5. Will there be enough water if

the population grows at the same
rate? At a greater rate?

6. What are some special problems
about water in this area?

Use your information in a class
discussion on local water supplies.
Materials:
liquid soap baby food jars
pH paper hot plate
samples of tap water, rain water, well

water
information cards, Water Sources in

Brevard County (34-1) and Water
ificiendvs 71)

what did you mover?

other ways to look at it
Try this: take some tap water. Boil'it for

a few minutes. Taste it when it cools. Then
pour the water back and forth from one cup
to another several times. Taste again. What
changes the taste of the water?

Get samples of rain water, well water,
and tap water. Test each for hardness. Put
a drop of liquid soap in small jars containing
equal amounts of each type of water. Cap
each jar. Shake each the same amount of
time. What happens to each? (The hardest
one will have the least amount of suds. )

Test the pH of rain water, well water,
and tap water. Which has a pH closest to 7?
(pH's lower than 7 are acid, higher than '7
are alkaline.)

Read the card Water Surpluses and De-
ficiencies. Will your area have enough water
as the population grows? Predict areas that
will not.

Make a chart showing the flow of water in your area from its source to your home.
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34-1

INFORMATION CARD

Water Sources in Brevard County

Before Brevard County's period of rapid growth (see activity card
on population), most people took their water from shallow wells. These
wells were easy to drill and inexpensive. The water, in many cases,
was substandard: it was very hard and easily contaminated.

As the population of Brevard County grew, these shallow wells be-
came unsatisfactory. At the present time there are four municipal
systems, thirteen privately owned systems, two county owned systems
and one industrial system.

Cocoa

The city of Cocoa has constructed 19 wells in a field 25 miles west
of Cocoa. They average about 650 feet in depth and are capable of pro-
ducing 28.5 million gallons per day (mgd). The well field and treat-
ment plant are located in Orange County. There are two booster pump
stations, one west of Cocoa and another east of Merritt Island. Storage
tanks totaling 12.8 million gallons are scattered throughout the system.

The system supplies the cities of Cocoa, Rockledge, Cocoa Beach,
Merritt Island, Cape Canaveral and Patrick Air Force Base. It con-
tains approximately 450 miles of pipe.

Water is pumped from the wells to an aeration and chlorination
plant. Aeration-adds air to the water. This improves the taste of
the water. Chlorine kills bacteria in the water and also adds to the
taste. Chlorine does not give water a bad taste, only if too little is
used.

The water then goes to the C. H. Dyal Treatment Plant for further
treatment and softening. Lime is added to give the water a proper pH.
This protects the water pipes from corrosion. Soda Ash is added to
soften the water. Ammonia and carbon dioxide are added to stabilize
the other chemicals. Fluoride is added to prevent tooth decay. The
water is then pumped to storage tanks in the Cocoa area and finally
reaches your home.
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The City has an active master plan for system expansion to meet
future demands of 70 mgd. Present problems faced by this system
include increasing salinity of raw water and increasing demands for
more water. Inirez/atigation and planning are proceeding in all problem
areas.

Melbourne (including Eau Gal lie)

The City of Melbourne operates two water treatment plants. They
are located at Lake Washington. The treatment plants employ color
removal, coagulation, sedimentation filtration, taste and odor removal
and disinfection. Coagulation, sedimentation, and filtration remove
impurities. The former well supplies for Eau Gal lie are kept in standby
condition f-As emergency use. The system has storage tanks holding
8.8 million gallons. Patrick Air Force Base and West Melbourne receive
their water from this system.

The City of Melbourne maintains a master plan to guide expansion
and improvement of its water system. The main problem facing the
system is the limited cage.lcity of Lake Washington. This problem may
be solved with the completion of the Upper St. Johns River Basin Project.
Completion of the Project, however, is being held up until the Environ-
ment;,-.1 Protection Agency completes a study of the impact of the project
on the area.

Titusville

The water source for the City of Titusville is a system of shallow
wells in the unconfined coastal aquifer. These wells are relatively low
produceri. The reliable yield of the aquifer is estimated to be about
18 mgd. Water treatment consists of coagulation, softening, rapid
sand filtration, disinfection and storage. Storage capacity ig 2. 8 mg.

There are no transmission lines since the treatment plut, and wells
are located in a built-up area. They are 'amen Interstate Highway
1-95 and downtown Titusville.
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Planning for water supply has been projected to the year 1983.
Problems facing this system are the limited capacity of the individual
shallow wells and the high iron content of the local water, Con-
sideration is being given to the development of a new well field in the
vicinity of Christmas. This would draw from the Floridan Aquifer.
'The Floridan Aquifer is a thick section of permeable limestone which

contains water. This formation underlies nearly all of Florida.

The total county population served by the public water supplies is
estimated to be 212,000. This leaves 38,000 people on private well
supplies, or about 15 percent of the total.

Basic Utilities Study, Part 1. Prepared by Ralph M. Parsons Company, 69.

VOCABULARY

1. inexpensive: reasonable in price

2. substandard: below the standards set for drinking water

3. contaminated: unclean, or not pure

4. aeration: adding of air

5. fluoridation: adding fluride to strengthen tooth enamel

6. disinfection: destroying harmful micro-organisms with chemicals

. salinity: measure of salt in water

8. coagulation: to drive together, clot

9. sedimentation: settling out of particles, mud, silt

10. filtration: separating by filters

11. aquifer: underground layer of water

12. transmission: to carry something in another thing

13. permeable: can pass through
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EXPLANATION

I MILLION GALl.on
PER DAY

PER SQUARE MILE

r
ii;.$11 2 TO 4

Voyi0.5 10 2

0 TO 0 F.))

0 50 TO 0

Hill2 TO 0.50

-2
.....

Does your area have enough water ? Study the map above. Do you think
you will have enough water in 1980? How can an area that receives as much
rainfall as southern Florida be running short of water?

There are two big reasons for water shortages everywhere. First, the
population is growing at an alarming rateall over the world. To see what
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has happened to the population of Brevard County, do the activity cards on
population. Secondly, each person is using more water than ever before.
The average person uses 50 gallons of water per day. This is four times
as much water as the average person used in 1900. Use of water by indus-
try and agriculture has hicreased six times since 1900. So more people are
using more water; in fact, Americans are using water twice as fast as it can
be replaced by the water cycle. This year alone, Americans will use over
300 billion gallons of water.

Southern Florida has some additional reasons for water shortages.
Two-thirds of the rainfall for the county occurs from June through October.
The water supply for southern Florida comes entirely from precipitation. Dur-
ing periods of heavy rainfall, much of the water runs off into storm sewers,
canals and streams. The water is then mixed with salt water and is too salty
for use in water supplies. Man has added to this problem by constructing
more canals to drain the land.

The water that does soak into the ground may become very "hard." This
means that the water has picked up minerals from the ground. Iron, sulfur,
and salt are three minerals common in this area. These minerals must be
removed before the water can be used.

Southern Florida is surrowided by salt water. It is underground, too.
The more we use fresh water, the more the salt water creeps into the water
supply. The two best ways to keep salt water out of our fresh water supplies
is by storing fresh water hi surface reservoirs and by putting salt water bar-
riers in canals and streams. The force of the fresh water keeps the salt
water back.

Southern Florida cannot afford to waste water. As the population grows,
water will become more scarce.



problem: H.

How much water does your family use?

clues for you:
Water usage per person per time:

taking a bath 30 gallons
taking a shower 20 gallons
flushing a toilet 3 gallons
washing face or hands 2 gallons

__brushing tee_th_,__
,drinking gallon
washing dishes 8 gallons
cooking a meal 5 gallons
clothes washer 32 gallons

Keep a record each day for one
week of all the times the members of
your family use water. Figure out how
much water your family uses each
day. How much water does your
family use in a week? In a month?
In a year?
Materials:
information card, Saving Water (35-1)
notebook
old water bill

other ways to loo a
. Get a copy of your water bill. Most water

bills express the amount of water used In
thousands of gallons. Does this amount agre
with the amount you found your-family used
What happened to the idditional water?

Do you have any'leaking itutets? Put a
container under a dripping'faucet. Figure
out how much water,is -.wasted in an hour.
How much is lost in a day?
.. Read the information card, Savin Water.,,
Make a list of the ways your family could
save water. Try these methods. See if the
work.
.. The average cost of water in some areas
is about 0.00087 cents per gallon up to 5
thousand gallons. The rate decreases the
more water you use. Does this help to save
water?

what did you discover?

!n

Post the amount of water your family used in one day and in one week.

Compare this with other members of your class. Total up how much water is
used by the families of your class.



in 1950 150 million

in 1970 204million
by 1980 237m11110n

in USA

asia, africa latin america
greater increases
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INFORMATION CARD

Saving Water

We use four times as much water in our homes now as in 1900. The
average daily water use per person in the U. S is 50 gallons. In areas of
the world where people draw their own water, the average daily use per
person is three to five gallons.

Saving water is a family project; it takes everyone's cooperation.
First, make a list of all the appliances and fixtures in your home that
require water. Don't forget items outside -- like lawn sprinklers.

Now, make a list of the ways you can save water for each item on
your list. You should be able to thaink of many ways to save water. Much
of the water that goes through your home is never really used, just wasted.

One of the largest areas of water waste is the bathroom. Many people
use the toilet as a wastebasket, but you are using over five gallons of
water each time you flush it. Try adjusting the float in the tank so the
toilet takes less water (better let Dad help here). If the float isn't ad-
justable, add a brick to the toilet tank -- it takes up space and saves
water. A leaky toilet can waste as much as sixty gallons per day.
Make sure yours doesn't leak. Check the faucets in the tub and sink --
do they leak? A simple rubber washer may solve that. Don't leave
water running when you brush your teeth or wash your face. If you
take a shower, don't make it a long one. You are wasting water again:

Mom may need help saving water. Appliances like dishwashers and
washing machines should be run with full loads. Don't ask your mother
to run the machine for that special item you have to have -- plan ahead:

Have your family plan ways to save water -- then try it: You will
save money and water at the same time.



Saving Water

VOCABULARY

35-2

1. cooperation: wveryone helping
2. appliances: household machines such as washer, dishwasher, etc.
3. adjusting: fitting things to one another

131



the problem:

How does man use water?

36

clues for yous
Read the information card, Stop the

World I Want to Get Off! Then
answer these questions.

1. How does man use water?
2. Why is there a limit to the

amount of water man can use?
3. Who are the biggest users of

water?
Visit an industry or service in your

community (or invite a representative
to visit your class). Find out:

1. How they use water.
2. How much water they use.
3. How their waste water is

discharged.
4. How they treat their waste

water.
Materials:
information cards, Stop the World, I

Want to Get Off! (36-1) and Brevard's
Oyster Industry May be Dying Out
(36-4)

notepad or clipboard, paper, pencil
crayons, glue, scissors

other ways to look at it
.. Make a chart. Show the ways water is
used in your community. Indicate approxi-
mate amounts.
.. Try designing or setting up a balanced
aquarium or terrarium. How is tre re-
cycling of all plant and animal wastes done
naturally within this closed environment?

Look through old magazines for pictures
of water being used in different ways. Make
a collage of your pictures.

. Read the information card, Brevard's
Oyster Industry May be Dying riiit7riowdoes
this industry depend upon a supply of both
fresh and salt water? What other area
industries depend upon a constant supply of
water?

How does the use of water pollute it?

what did you discover?

Make a chart listing all the different uses of water you found from
each business. Draw pictures or make sketches of these uses.

1 2
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UP 11 times since 1900

160 Billion gallons

per day in U.S.

Irrigation use
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Takes 1400 gal. Today 37 Billion gals.

of water to 1980 est.443 Billion gals.
make $1 of steel PER DAY
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36-1

INFORMATION EARD

Stop The World, I Want To Get Off:

We can compare the planet earth with vehicles such as the Skylab
space station and the submarine, Mautilus. All three are "closed"
systems. In their traveis, each carries its own, limited life-support
systems. Nothing new is ever added. Of course, with the case of the
spaceship and submarine there is always the re-entry and the .return
to home port.

What saves man (and all living things) from poisoning himself comes
in the form of, natural. recycling. Plant and animal wastes and water are
recycled, or reused. Nature recycles all things at its own pace. Water
evaporates by the sun's heat and floats in invisible doplets into the air to
make clouds. This same water comes back to earth as rain, snow, hail,
sleet, or dew. About 30% of this falls directly back into the oceans. The
remainder nourishes plants and trees, trickles over rocks and into rivers.
An important fraction of this surface water becomes ground-water. It is
stored in rock formations in underground reservoirs. What's left flows
into the oceans or rivers. The rain that you got caught in on your way
home from school is actually part of the same water that fell on dinosaurs
70 million years ago:

The rain on earth falls in a fairly unchanging quantity. The population,
however, doubles, then triples. There are more people crowding our
biosphere (Los Angeles has already drunk a 25-by-20 mile lake dry).
Each person is also using more water in this modern society. With more
bathrooms, garbage disposals, washing machines and lawn sprinklers,
Americans are now using four times as much water as they did in 1900.

The steel and paper-pulp industries are among the heaviest users
(and polluters) of the world's water supply. in producing a ton of steel,
a mill uses over 27,000 gallons of water. This is enough water to fill
a large backyard pool. That's about 1400 qallons for $1.00 worth of
steel. The paper and wood-pulp mills use about 6.5 million gallons of
water every day. To give you an idea of how much water tais is, the
Cocoa tower holds 1.5 million gallons.
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Industry makes close to 60 TRILLION gallons of waste water a year
in meeting the demands of consumers.

Large amounts of water are also needed for sanitation services in local
communities. Great quantities are used by sewage treatment plants. It
is used in treating the sewage waste, dilluting the effluent, and flushing
away the wastes.

And all of this is on its way back to the oceans. The water cycle is a
pretty constant thing. It recycles water at the same rate it did back in
1900.

Man may have reached the point where nature cannot handle this re-
cycling burden. A man-in-nature balance has to be made. It may mean
changing habits or reducing the standard of living. The closed environ-
ment of this biosphere must not poison its inhabitants. Remember,
unlike the Skylab or the Nautilus, man cannot stop and get off.

VOCABULARY

1. reservoirs: place where water is stored
2. effluent: flowing out

3. inhabitants: residents
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Brevard's Oyster Industry May Be Dying Out

As recently as 1970, the Brevard County oyster industry produced
some 139,000 pounds of oyster meat. In 1972, this production had
dropped off to 52,498 pounds. Some members of the shellfish industry
have declared that oyster farming may disappear completely from the
Brevard scene within the next few years.

What has caused this dramatic change? There are two major sources
of the problem -- increased water pollution, and decreasing supplies of
freshwater for the oyster beds.

Oysters are extremely sensitive creatures. They require very special
conditions in their habitats. Water pollution from untreated or inadequately
treated sewage can destroy an oyster bed, or reduce its productivity.
Water running into the streams after a rain also contains pollutants.
These make the oysters unharvestable.

Pollution is not the only threat. Oysters grow best when the salinity
(salt level) of the water is about 15 parts per thousand (ppt). This is
because they are protected from most of their natural enemies. When
salinities reach 18 ppt or above, the oyster's enemies are able to in-
vade the oyster beds and reduce the crop.

The 15 ppt salinity level is much lower than the average salinity of
seawater. Levels of 15 ppt are achieved only when freshwater flows
constantly over the oyster beds. It mixes with the salt water and dilutes
it. If the flow of freshwater is reduced, the salinity level is likely to
rise to the point where the oyster's enemies can mov,2 in.

. Normally, the estuaries at Port Malabar and Sebastian Inlet
usually maintain salinity levels which are favorable for oyster pro-
duction. The problem is that these areas are no longer IN their
natural condition. Rapid development has placed a heavy demand on
fresh water. It is often diverted to form canals. This makes for
nice waterfront homes, but it reduces the flow of freshWater to the
oyster beds. As a resuit, the salinity levels at many of Brevard's
oyster beds have risen to 25 or 30 parts per thousand. The oyster
production has dropp:.d accordingly.

1 3 6
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The obvious question is, can Brevard have its residential develop-
ment and its oysters too? This may be possible, but it will require
very careful management of water resources and better sewage treat-
ment. It will also require good long-range planning for both water
use and land use.

-- Beacham, Frank, Assi-t-nt Metro
Editor, Today Newspaper,
"Pollution Shells Oyster Industry,"
and "New Way A Pearl," July 7,73

Question for Thought

1. Outline a plan which would preserve the oyster industry in Brevard
County without stopping the county's growth. What would be the most
important ingredients in your plan?

VOCABULARY

1. dramatic: very clearly presented; easy to observe

2. habitat: the place (environment) where something lives

3. inadequate: not good enough

4. productivity: the amount that something can produce (make)

5. salinity: the salt concentration of water (the amount of salt in a
given quanLity of water)

Note: Make sure you are in command of this concept,
as the whole article revolves around it.

6. prolonged: lasting

7. diverted: moved away from, channeled

8. accordingly: in response to something; as a result of it

9. residential: having to do with homes (residences)
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e problem: 37

What happens to the water you use?

Study the student information card,
Waste Water Treatment Then, try to
visit a sewage treatment plant in your
area. Make a list of questions to ask
the sanitation engineer. You might
want to include these:

What percent of the organic
pollutants are removed by this
treatment?

How many homes was this plant
designed to serve (or how many
gallons per hour)?
How many homes is the plant

now serving?
'What plans have been made for

a population increase?
*Where is the treated sewage

dischar ed?
Ma er s:
stucient information cards, The Water-

Cleaning Machine (37-1)7a.
reatment (37-4)

what did you discover?

other ways to look at it:
Read the student information card, The

Water-Cleaning Machine. Show how natiiial
processes purify the water.
.. How do the processes used in a sewage
treatment plant compare with the natural
processes for purification?
.. Sketch the path waste water takes from
the time it leaves your home until it returns
to use. Is the water from storra sewers
combined with sewage from homes? What
happens during periods of heavy rain?
.. Find out about the tertiary treatment of
sewage. Is there any plant in your area that
has tertiary treatment of sewage? How does
it work? What are some uses of sewage
sludge?
.. How does untreated sewage affect plants
and animals in the water?
.. Who checks the operation of sewage
lants ?

Diagram the treatment necessary for waste wat r to be reused.

1.
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37-1

INFORMATION CARD

The Water-Cleaning Machine

Every living thing on Earth needs water. Water is everywhere--in
the air, in our bodies, in the earth's crust. The amount of water on Earth
remains constar4. We do not get more water. We use the same water over
and over. We are able to do this because water is self cleaning.

The Water-Cleaning Machine

/ SUNLIGHT

+ Coz

CHEM K.ALS AND

GAKS TAKEN IN
BY GREEN PLANTS

4

Oj-USED BY DECAY
ORGANISMS TO BREAK DOWN
WASTES INTO ClAtMICALS

AND GASES
W. 40

SMS

The water-cleaning machine works well as long as all the parts are kept
in balance. Green plants use sunlight and carbon dioxide to produce food and
and oxygen. Oxygen is also added to water whenever it mixes with air. The
faster moving the stream, the more oxygen it adds. Oxygen is necessary for



all animal life in the water. The animals in the water use the oxygen and
food from the plants. They give off carbon dioxide and waste. One form
of life found in the water is bacteria. The bacteria are called decomposers.
They feed on the waste materials and break them down into chemicals and
gasses which can be used again.

As the amount of waste in the water increases, the number of bacteria
will increase. Thi is because there is more food for them. As the bacteria
multiply, the amount of oxygen needed increases. The amount of oxygen
that body of water needs is called the "biological oxygen demand," or BOD.

Sometimes large amounts of waste are dumped into the water. The
machine becomes overloaded. Everything goes wrong. Here's how it
works. First. the number of bacteria increases. More bacteria need
more oxygen. Sometimes the plants cannot produce enough oxygen. The
animals die. The bacteria die. The waste materials are no longer being
broken down. The plants die. All activity in the water stops. It is dead.

The death of a stream does not always happen this way. Sometimes
the streams become over-fertilized. Phosphates, the chemicals in fertil-
izers and laundry detergents, r ..use the plants to grow. The plants grow
too rapidly. They soon choke .31f their own sunlight. Then they die. This
process is called eutrophication.

Man affects the water in other ways. Pesticides are washed into the
water. The don't kill the plants or animals, but they are not broken down.
The deadly chemicals are absorbed into the tiny plants and animals. They
are passed along the food chain. This can also happen with metals like
mercury.

Man also uses water to cool things. This heats the water. This may
cause the plants to grow more rapidly, If the heat is too much, the plants
and animals may be killed.

Nature has a good water-cleaning machine. Like any other machine,
it doesn't work when it,4s

Source: Sopis, Kenneth and Josephine. Spaceship Earth: Danger! Danger!
Danger? New York: Holt, Rinehart, Winston, 1973.
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The Water-Cleaning Machine 37-3

VOCABULARY

1. constant: always there

2. bacteria: microscopic tlthigs (protista)
3. decomposers: animals which break down things into

smaller parts
4. phosphates: a salt containing the element phosphorus,

found in fertilizers and detergents
5. eutrophication: speeding up the natural aging process of a lake
6. mercury: a metal element which is a liquid at room temperature



37-4

INFORMATION CARD

Waste Water Treatment

Waste treatment plants clean waste water. They speed up the natural
processes by which water is purified (see The Water Cleaning Machine).
The amount of waste that man produces is too great for nature to handle.
This is why waste treatment plants are necessary.

Waste treatment varies from city to city. Over 1000 communities in
the U.S. do not treat their waste water. They dump their untreated waste
back into the open water.

Thirty percent of the communities in the U. S. give their sewage only
primary treatment. Primary treatment removes about 1/3 (357) of the
organic pollutants from the water. (Organic pollutants are those which
co me from living things. ) This process is not satisfactory for most needs.

In primary treatment, solids are allowed to settle. Then they are re-
moved from the water. This is the way primary treatment works:

GRIT C-1-1AM7 TEDIMENTAT
TAN K

Cl-iLORIME

5CRHN

Primary Treatment of Sewage
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37- 5

As the sewage enters the plant, it flows through a screen of some type.
The screen removes large objects that might clog pipes or pumps. The
sewage then passes into a grit chamber. There sand, grit, and small
stones are allowed to settle to the bottom. Grit chambers are important
in cities where storm sewers are combined with sewage. The sewage next
flows into a sedimentation tnak. Here the flow of the sewage is slowed.
Very small particles settle to the bottom. The layer that forms on the
bottom of the tank is called sludge. It must be removed from the tank
when it builds up. Finally, chlorine gas is added to the remaining liquid.
The chlorine gas kills some of the disease causing bacteria. It also re-
duces odors.

Most of the communities in the U.S. give their sewage secondary
treatment. Secondary treatment removes up to 90% of the organic
pollutants. It does this by making use of bacteria. There are two main
types of treatment: trickling filters and activated sludge.

A trickling filter is simply a bed of stone through which sewage passes.
It comes there after undergoing primary treatment. The filter may be
three to ten feet thick. Bacteria gather and multiply on these stones.
They break down most of the organic matter in the sewage. The cleaner
water trickles out through the pipes in the bottom. It then receives
chlorination to complete the treatment.

More modern plants use activated sludge process for secondary
treatment. This process brings air and sludge together. This speeds
up the work of the bacteria. It also brings great numbers of bacteria
from the sludge into contact with the sewage.

The activated sludge process works like this. First, the sewage
receives primary treatment. Then it is pumped into an aeration tank.
There, the sewage is mixed with air and sludge. The sludge is loaded
with bacteria. The great amount of oxygen in the tank helps the bacteria.
It speeds their work. The mixture stays in the tank for several hours.
During this time, the bacteria change organic waste into useful chemicals.

1 4 1



37-6

Outflow from the tank is chlorinated. This completes the secondary
treatment. Chlorination here can kill up to 99% of the harmful bacteria.

------I AERATION TANK

ACTIVATED SLUDGE :

Secondary Treatment of Sewage
(Activated Sludge)

Some communities add an extra step. It is called tertiary treatment.
They do not dump the treated water back into streams. Instead, they use
it as fertilizer. The organic materials left in the liquid are used by plants.
The liquid seeps down through the soil. It eventually becomes part of the
ground water. Sewage treated in this way does not pollute streams.

Source: A Primer on Waste Water Treatment. Washington: Environmental
Protection Agency, 1971.
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Waste Water Treatment

VOCABULARY

37-7

1. grit: small, stony particles
2. sedimentation: deposit of sediments such as dirt, sand, and clay
3. sludge: mud, sediment from sewage disposal
4. chlorine: an element, a yeLow gas with a very strong odor.
5. aeration: adding air
6. tertiary: the thirds, in sewage treatment the third process to clean

sewage before dumping



the problem: 38

Clean water: who's responsibility is it?

clues for you
Read the information cards, Water

Quality Standards, We Need Clean
Water, and Local Standards.

Who has the greatest responsibility
for setting water quality standards?
For enforcing local water quality
standards? What are our national
goals for water quality ?

Invite someone from your local
health department to talk to the class.
Find out what the role of the health
department is in relation to clean
water. How do they locate polluters?
Who prosecutes them? Have them
explain to the class what action
citizens can take to preY
of their water.

Materials:
information cards, Water Quality

Standards (38-1), Local
Standards (38-3), and We Need
Clean Water (38-4)

other ways to look at it
.. What is your local government doing to
defend your water against pollution? What
civic and private organizations are active
in fighting for clean water? Find out what
they do.
.. Study the cover of this card. Does your
state have approved water quality standards?
Do the states near you?

What does the EPA do besides set
standards for clean water?
.. Make a scrapbook of clippings from your
local newspaper on local, state, and national
water problems. What are some of the
severe problems in your area?
.. How are these laws enforced? Reread
the information cards to see if you can find
out. What should you do if you suspect that
someone in your area is polluting the water?

what did you discover?

Make a chart comparing the responsibilities of the local, state, and
federal government concerning water quality standards. Where do you fit

in the picture? 1.4



APPROVED WATER QUALITY STANDARDS

July 15, 1971

States with approved water quality standards
inc. antidegradation

States with approved W. Q.S. without antidegradation

States with partially approved W.S.Q.
Gain of 16 states with antidegradai ion
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38-3

INFORMATION CARD

Local Standards

Establishing rules . . .

In Florida, the board of county commissioners has the authority
to set rules which will prevent and control air and water pollution
within the county.

Enforcing standards . . .

The board on county commissioners and the State Board of Health
are given the authority to enforce local standards. In an emergency,
the board of county commissioners can get an injunction to stop the
pollution.

The board must approve construction of or addition to sewage
plants and sewage systems.

Prosecuting violators . .

Any person who violates the local standards is notified by registered
mail. The violator then has fifteen (15) days to take action and file a
report or to apply for a hearing before the board. The board then de-
cides whether or not the person is in violation and orders any action
to be taken.

VOCABULARY

1. authority: someone in charge

2. injunction: a legal command not to do something
3. registered: recorded in a book



38-4

We Need Clean Water

Not so many years ago, most streams and lakes in America were
sparkling and clean. People could swim and fish in them without being
afraid of becoming sick. As our nation grew bigger, we built towns and
factories on the banks of these streams and lakes. Every year we dumped
more anc1 more wastes into them.

Marine scientists have found that even the ocean depths show the effects
of pollution. In shallower waters near our coasts, contamination prevents
the harvesting of fish and shellfish in many areas. Oil--accidentally
spilled or deliberately dumped in the ocean--has become a big problem.
It spoils our beaches and destroys fish and sea birds.

The water that we drink is ordinarily taken from the best and least
polluted source. It is then treated to make sure it is safe for drinking.
But you can see that with so much pollution, it gets more difficult to
find good water and to make sure that it is properly treated. Even water
far below the ground, is sometimes polluted by poisonous wastes seeping
into the soil.

Where does all this water pollution come from? Here are some of
the most important facts:

More than 1,416 communities discharge their sewage into water-
ways without any treatment whatever. More than 2,300 communities
use just primary treatment, which removes only 30 to 40 percent of
some pollutants.

The largest amount and the most poisonous of pollutants come
from industrial plants.

Big oil spills from vessels and from off-shore drilling have
caused serious damage.

Huge feedlots, contained areas where thousands of cattle or other
animals are fattened for the market, cause a problem. Animal wastes
seep into the ground and get into waterways.

Fertilizer and pesticides run off from our fields and forests.

1 52



38-5

Wastes from mining operations drain into the water.

Water, principally used to cool electric power generators, is
put back into streams still hot from the power plants.

Sewage from big ocean liners and small pleasure boats is dumped
into our waters.

The Federal government began its efforts to clean up the Nation's
waters in 1948. The early Federal program was changed several times
over the years. It was then revised and greatly strengthened by Congress
in 1972. Here are some of the ways EPA now fights water pollution under
the Federal Water Pollution Control Act:

EPA gives money to communities to help them build sewage treat-
ment plants.

EPA helps train men and women to design and operate sewage
treatment plants.

EPA gives money to the States to help them carry on their water
pollution control programs.

EPA establishes various standards to make sure that water
pollutants from factories and community sewage treatment plants do
not harm our health.

Some standards set limits on the amounts of pollutants that may be
discharged into the water. Some standards define how factories and
sewage treatment plants can operate with a minimum of water pollution.

To make sure that clean water will be achieved, the Federal law
prohibits discharges of pollutants into the water without a permit. Per-
mits are issued by EPA, or by a State government if EPA approves the
State's permit program.

The permit is a most important part of the water pollution control
program. Each permit applies various standard to a specific polluter.



38-6

A permit for discharging pollutants is like a contract between the
government and a polluter. It requires the polluter to reduce his dis-
charges to meet government standards. It contains clear deadlines
for action. And all permits are made public, so anyone can find out
if polluters are living up to the conditions of their permits on schedule.

EPA also sets standards to control sewage discharges from ships
and boats (except small ones, like canoes and rowboats). EPA also sets
standards for the cleanup of oil spills and other hazardous substances.
EPA can require anyone spilling oil or other hazardous materials into
the water to pay the cleanup costs.

Anyone violating the water pollution control law may be fined up
to $25,000 a day and be given one year in prison. In emergencies,
EPA has the power to take whatever action is necessary to stop or pre-
vent water pollution that is an immediate danger to people's health.

EPA's water pollution control programs require polluters to use
what the law calls the "best practicable" technology for controlling water
pollution by July 1, 1977. It also requires them to use the "best avail-
able" control methods by July 1, 1983.

The combination of strict standards, good technology and fair, but
firm enforcement should enable the United States to achieve two goals
established by Congress for our waters. The first goal is, whenever
possible, water that is clean enough for swimming and clean enough
for fish and wildlife by July 1, 1983. The second goal is no more dis-
charges of any pollutants into our streams, rivers, lakes and oceans
by 1985.

Source: Your World,My World.Washington: Government Printing Of lice, 73.

VOCABULARY
1. EPA: Environmental Protection Agency
2. specific: special, definite
3. hazardous: full J danger
4. practicable: possible to do, necessary



the problem: 39

Air is a mixture of certain elements and compounds. It includes oxygen
and carbon dioxide. Are there certain conditions that will cause the amounts of
these gases to increase or decrease?

clues for you
Read the information cards, Oxygen-

Carbon Dioxide Exchange and Carbon
Dioxide. Make a list of all the activi-
ties mentioned that reduce the amount
of carbon dioxide (CO2) in the air.
Make a second list of all the activities
that add CO2 to the atmosphere. De-
cide why the amount of CO2 in the air
is increasing. What effect will an in-
crease in the amount of CO2 have on
the atmosphere? What effect will it
have on plants? On animals?

Make a drawing. Show how the
things you listed above fit into the
oxygen-carbon dioxide cycle. Use
arrows to show how the gas one thing
produces is used by another. Show
why a balance is important.
Materials:
hydrogen peroxide yeast water
baking soda vinegar
wood splint matches
glass beaker test tubes
information cards, Oxygen-Carbon

CAUTION: A FLAME IS NECESSARY FOR
LIGHTING THE WOOD SPLINT

other ways to look at it:
.. Prepare a bea er half full of water. Put a--
pinch of yeast in a test tube. Fill it full with
hydrogen peroxide. Quickly stopper the tube
with your thumb. Turn the tube upside down.
Put the mouth of tube under the water in the
beaker. Release your thumb. Wait as the
bubbles collect in the top of the tube. Light a
wood splint. Blow it out so that it glows.
Quickly raise the tube out of the water. Inser
the glowing splint. What happens? The gas
produced was oxygen.
.. Repeat the procedure. This time place
baking soda in the test tube. Fill it withvine-
gar. Test the gas with a flaming splint.
What happens? The gas produced was car-
bon dioxide. What else could carbon dioxide
be used for ?
.. Some aerosols may be damaging the
atmosphere. Find out why.
.. How are plants and animals dependent on

Dioxide Exchanges Ci9-Ijand Carbon Dioxide 39-2) -leach cthers' by products?

what did you discoT1617-41.
Draw a diagram. Show how oxygen is used and produced in the natural

environment. Show also how carbon dioxide is used and produced.

i.5
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INFORMATION CARD

Oxygen-Carbon Dioxide Exchange

Plants use CO,) in the
making of fouw,called
photosynthesis); they
;.,,iye off ov:gen in this
S:' I1E' prc,rt'ss.

Burning carbon fuels
for energy uses up
oxygen and adds a
large amount of CO2
to the air.

Plants and animals give

off CO2 due to the burn-

ing of toodf;called res-
piration) and deca,.

39-1

Rain washes cp9 from the
air to form carbonates(CO3),
which are carried to the
oceans.

\

Volcanoes and hot springs
add CO2 and other gases
to the air.

I , ';
, tl II

Large amounts of CO2

are addod to and
taken from the air
over oceans. This is
called diffusion

...
; t

i

Farming ;IelNiseS C62
produced by soil organisms.
Farm plants use less
CO2 than the forests they

replace.

-.7

Ocean animals and plants
releam CO2 through res-
piration and decay. Plants
use this CO2 for photo-
synthesis and release oxygen.

Dead :!nd anirn,:tlf;
,n1 are covered ma,,

beeo,of coal
or oiE

7u
Carbonates(COd sink
to the bottom oi the
ocean, forming layers
of limestono Oich
store CO2.



INFORMATION CARD

CARBON DIOXIDE

39-2

The earth is surrounded by an ocean of air. The air is really a mixture of

gases. You probably know the names of some of them. Carbon dioxide -- the gas

that bubbles out of soda pop -- is one of the gases in the air. This gas is formed when

one atom of carbon (C) combines with two atoms of oxygen (02). Scientists write it

CO2 (C-0-2).

If you took a gallon jar of air from the atmosphere, you would only find of

a teaspoon of CO,. That doesn't seem like much. But this is more than scientists

found 100 years ago. They have found that the amount of CO, has been slowly increas-

ing. No one is certain just what effect this increase will have.

The diagram on the front shows how carbon dioxide is produced and used up.

Almost everything -- except man -- takes as much CO, from the air as it adds to it.

The extra CO2 the scientists have been measuring comes mainly from man's activities

over the last 200 years.

After the steam engine was invented, man began to burn carbon fuels for energy.

Coal, oil, wood, and gasoline are all carbon fuels. When these fuels burn, the carbon

combines with oxygen ( from the air) and energy is released. CO, and water are also

formed. We add about 6 billion tons of CO, to the air each year from burning carbon

fuels. (In the past 100 years, we .have probably added about 360 billion tons of CO2 to

the air this way. )

Farming adds CO2 to the air - about 2 billion tons of CO2 per year. Farm

plants take out less CO2 than the forests they replace. The cleared soil also contains

tiny animals that release CO7.

Some of the CO2 that is added to the atmosphere is taken up by plants. This

makes them grow faster. The oceans may also be taking up a little of the extra CO2.
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the problem: 40

Every year,. over 280 million tons of wastes are released into the air over the
United States. What are these pollutants? Where do they come from? How do they
affect us? What can be done about this problem?

dues for you
Study the information card, What's

in the Air? What pollutantS are in the
air? Make a bar graph showing the
percentages of each pollutant iii the
air.

Read the information card, We
Need Clean Air. Make a second graph
showing the sources of pollutants in
the atmosphere. What is the largest
polluter?

Make a chart to show the effects
of each pollutant on the envirunment.
Include the way it affects plants,
animals, and nonliving things.

Make a list of things that can be
done to reduce air pollution. Compare
this with the action being taken by the
Federal Government.

inl'ormation cards:
Wnat's in the Air? (40-1)
We Need Clean Air (40-2)
Local Standards (38-3)

graph ditto, pencils, ruler, crayons

what did you discover?

other ways to look at it
.. Keep a scrapbook of local sources and
incidents of air pollution. Find out what the
clean air requirements are in this area.
.. Whose responsibility is it to set and en-
force standards in your area? Read the
information card, Local Standards.
.. Sometimes a temperature inversion traps
pollutants near the ground. When this hap-
pens, smog occurs, and people suffer from
the pollutants. Find out what weather condi-
tions can cause smog. Look for articles
about smog in the newspaper.

Pretend that you are the mayor of Los
Angeles and a dense blanket of smog covers
the city. What emergency measures would
you take to safeguard the people? What long-
range measures would you take? Let your
classmates take the parts of industry
spokesmen, scientists and civic leaders.
Discuss solutions to the smog problem.

Compare the list of measures to reduce air pollution you drew up with those of
your classmates. Draw up a class list of recommendations.. Seri it to our county
commissioners.

)
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Pollutant

Carbon Monoxide

40-1

WHAT'S IN THE AIR? 1

Percentage Description

47% This is an odorless, colorless gas. It
is often found in tunnels, closed garages,
and near heavy traffic. It is produced
when fuels containing carbon are incom-
pletely burned. Carbon monoxide replaces
oxygen in the blood. Large amounts can be
deadly. Small amounts cause dizziness,
headaches, fatigue, and slowed reactions.
The burning of coal and oil containing sul-
fur produces these poisonous gases. They
irritate the eyes, nose, and throat. They
damage the lungs. They also kill plants,
destroy metal and reduce visibility.
These gases are produced by burning fuels.
They produce a smelly, dark haze that
irritates the eyes and nose.
These are produced mostly from unburned
fuels during combustion. Large amounts
are also produced as tires wear. Hydro-
carbons are known to produce cancer.
They also react with nitrogen oxides and
sunlight to produce smog.
Dust, smoke, soot, ashall these are
examples of solid matter in the air. They
darken the sky and fall out onto many
objects. Solid particulates also intefere
with normal breathing.

Sulfur dioxides 15%

Nitrogen oxides 10%

Hydrocarbons 15%

Solid particulates 13%

1 Information adapted from Probing the Natural World, Volume 3. Intermediate
Science Curriculum Study. Morristown, New Jersey: Silver Burdett, 1972.
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40-2
INFORMATION CARD

We Need Clean Air

Where does air pollution come from?
The dark smoke you see coming from smoke stacks is one kind of air
pollution. There are many other kinds you cannot see. Together they
make up the serious air pollution that is threatening us.
Every year, over 280 million tons of wastes are released into the air
over the United States. This is where they come from:

51% from transportation (mainly the internal combustion
engines that power our automobiles and planes)

15% from burning fuel in furnaces and generators
14% from industrial processes
4% from burning trash and other solid wastes

15% from forest fires and miscellaneous sources

What kind of pollutants are there?
Pollutants in the air include particulate matter, sulfur dioxides,
carbon monoxide, hydrocarbons, and nitrogen oxides. More information
about each pollutant is given on the information card, What's in the Air?
Sometimes these pollutants combine to form new ones. Nitrogen oxides
combine with gaseous hydrocarbons to form smog. Sunlight must be
present. Smog is often trapped near the ground and forms a brownish
haze over the city.

Air pollution can travel from city to city. It even spreads from one
country to another. Some northern European countries have experienced
"black snow." It is caused by pollutants that have traveled through the
atmosphere. Environmental pollution is really a global concern.

How does air pollution hurt us ?
It affects your health. Each year, peopie (-lie from air pollution. It
kills babies, old people and those who have respiratory diseases. Air
pollution increases lung diseases. Emphysema, bronchitis, and asthma
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are on the increase. Air pollution reduces visibility. It can cause both
airplane and auto accidents. There are other health dangers that are
being studied.

Air pollution costs money. It soils and corrodes buildings. It damages
farm crops and forests. It destroys air treasures. The damage in the
United States alone is estimated to be $16 billion each year.

What is the government doing about air pollution?
The Federal government began to do research on air pollution in 1955.
In 1970, Congress authorized the EPA to set national clean air standards.
This is the way the federal government is fighting air pollution:

EPA set national air standards in 1971. They define how much of
each pollutant will be allowed in the air. There are two kinds of stan-
dards. Primary standards are those necessary to protect our health.
Secondary standards are those necessary to prevent undesirable side
effects.

States and territories must meet national standards. Primary
standards must be met by mid 1975. All states must submit plans
which show how these standards will be met. If the state fails to do
the things in its plan, the EPA can step in and see that they are done.

EPA has established emission sLandards for certain industries.
These require plants to use the best possible methods to keep pollution
to a minimum. They tell the plant exactly what can come out of its
stacks.

*EPA has proposed standards for beryllium, mercury, and
asbestos. These materials are extremely harmful to human health.

EPA sets and enforces emission standards for all new cars.
Since 1968, all new cars have been required to reduce pollution levels.
EPA is doing research and encouraging research on less polluting
automobiles.

1 3
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You can see that we can't cure air pollution must by ordering everybody to
stop polluting. If we did that, most of our factories and power plants would
have to close down, and we couldn't even drive our cars. But we can clean
up our air in the next few years if we are all willing to change our ways of
doing thingsways that cause air pollutionjust as quickly as we can.

Source:
Your World, My World. Washington: Government Printing

Office, 1973.
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the problem:

Can you measum air pollution?

clues for you
Take several white index cards

marked in 1" squares. Coat each with
a very thin covering of petr .4letan
jelly. Anchor the cards to omv.hfrg
steey and plade them in various lo-
cations around school or home. Make
a map of the area to show where you
located the cards. Try to-find areas
which you think will have large
amounts of pollutants and areas icL
will not have much pollution. 1,ave
the cards for at leatt 24 hours.

Use a hand lens or a microscope
with top lighting and count the number

1 of particles in each 1" square, Make
a chart showing the number of
particles by the square irch in each

119cation.
Miferia ls:

formation card, What's in the Air
(40-1)

ruler index cards
hand lens petroleum jelly
microscope

41

14.......a.1....www11.WalommalmwWAO*0fir.

other ways to look at it:
.. Try to devise another method for
mear.'uring the amount of particles.
.. Ty to iOntify some of the particles you
have collected. Are there some types of
ptillutior. in the air that ads method would
iICC iwiicate? What other types of pollution
exist in the air?
.. Organize a teAm of classmates and
measure 'Articulate levels in the area of
your school. Identify the polluters. See if
you can do anything to stop them from pol-
luting your air. s

.. Make a collagi ,Aiowing air pollution in
different areas. Show the effects of air pol-
lution on different aroas.
.. Find out the laws in your area regarding
air polludon. Is open burning banned? What
are acceptable levels of air pollution? Are
acceptable levels the safest for human health ?

lwhat did you discover?

I Use a map of the area showing the places which had the highest number of
particles. Post i4 on the Ward. Plot the data from all students.
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RINGELMANN CHART

A I WI RI s s mcm of

(Cut out chart and directions, paste on thin cardboard;
cut out this horizontal strip between smoke puffs; view
smoke emissions through slit.)

41-1

NUMBER OF
OBSERVATIONS

(TIME)
INTERVAL

RINGELMANN'S
NUMBER

TOTAL

1,

2.

3.

4.

5.

TOTAL PRODUCT =

6. Multiply number of observations by the chart number. Total the products and divide by the num-

ber of observations. This will give you the smoke density.

TOTAL PRODUCT SMOKE

TOTAL OBSERVATION DENSITY

Example:

Ringelmann No.

1 X

2 X

3 X

X

Observations Total

5 5

7 14

8 24

1 1
A

f. ) 10 40

30 83

83/30 = 2.7 3 (smoke density)



e problem: 42

The automobile presently accounts for 51% of the pollutants in the air. What
can be done to reduce the amount of pollution from the automobile?

clues for you@
IKeep a record of how much gaso-

line your family uses in one week.

Multiply this figure by 52 to find out

how much you use in a year. (Or, if

your family has last year's records

on how much gas they used, use

this figure. ) Every 1000 gallons of

gasoline burned in a car produces 200
pounds of hydrocarbons. How many

pounds of hydrocarbon does your

family add to the air in a year?

Cars cause 51% of the air pollution

in the United States and gasoline is

running short. With the help of your

classmates make a list of ways to
reduce the amount of gasoline used in

your families. Ask your parents to
hel conserve s usin our list.

Materials:
information card, Alternatives to the

Internal Combustion Engilie (42-1)

other ways to look at it
.. What standards must auto makers meet
by 1975? Research ways auto makers are
trying to reduce air pollution. List the pol-
lution control equipment being used on
present cars.
.. Some scientists feel we must use other
engines in our automobile. Read the infor-
mation card, Alternatives to the Internal
Combustion Engine. List the advantages and
disaThriiiiiPiOriach type of engine.
.. Visit a car dealer who sells rotary or
CVCC engines. Have him explain the
operation of these engines. How can they
help reduce pollution?
.. Bring in models of the different kinds of
engines. Explain their operationto the class.
List their advantages and disadvantages.
.. Invite a mechanic to talk to your class.
Ask him what your family can do to make
sure your car runs well.

what did ycu discover? 0.1

Make a list of things being done to reduce automobile emissions.

1 / 0
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42-1

INFORMATION CARD

Alternatives to the Internal Combustion Engine

In 1970, Senator Edmund Muskie (D-Maine) sponsored what is known
as the Clean Air Act. The measure calls for a 90% reduction in harmful
exhaust emissions by 1976 from what the cars put out in 1970. The act
not only sets a deadline. It calls for a year-by-year reduction in emissions.

Present V-8 Engine with Catalytic Converter

The present V-8 ENGINES are equipped with catalytic converters
(sometimes called re tors) to help autos meet emissions standards.
A catalytic converter works like an "afterburner." It oxidizes harmful
exhaust hydrocarbons (HC) and carbon monoxide (CO). It burns them
into harmless water vapor (H20) and carbon dioxide (CO2). The cata-
lytic converter is expensive and has a limited life. It must be replaced
after about 25,000 miles.

CVCC Engine

The Honda CVCC ENGINE is a low-emission engine. The CVCC
engine is almost identical to the engine under the hood of your family car,
with a small addition (see drawing). This drawing shows how Honda
CVCC system works. A large amount of very low fuel mixture and a
small amount of rich mixture enter through two intake valves (figure 1).
At the end of the compression stroke (figure 3), the rich mixture near
the sp:.rk plug is ignited. This in turn ignites the rest of the mixture
(figure 4;

Honda tried to figure out how to make the fuel mixture so lean there
would be almost complete burning. Honda created additional combustion
chambers (mini-chambers). In these, a rirth fuel mixture starts. Burning
spreads from there to the main cylinder.



The fuel in the main
combustion chamber is
swirled or mixed. As a
result, when the burning
from the "mini-chamber"
reaches the main chamber,
there is more complete
burning overall.

Drawings show the
relatively gentle swirl
given to the mixture in
the Honda CVCC

42-2
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42-3

Rotary Engine

Mazda's Wankel ROTARY ENGINE is also giving Detroit auto-
producers a run for their money. Mazda's rotary is based upon the
dc:sign of German engineer, Felix Wankel. The Mazda company
heard about the engine during the 1950ts. It sent a crew of engineers
over to Germany to look at it. They came back to Japan with a license
to produce them. Since then, Mazda has produced over 400,000 rotary
cars. It has sold them in more than 80 countries, including over
20,000 in the United States.

The rotary engine is quite simple. Two rotors twirl lazily around
a central shaft. They are the only basic moving parts in the entire
engine. The engine does away with cams, valves or lifters. The rotors
themselves open and close the intake and exhaust ports. There is less
to go wrong and less to repair (see drawings).

INTAKE

As the piston at
right starts down-
ward in the cylinder,
it opens a valve at
the top. This draws
in a gas-air mixture.
This "charge" 7s into the
chamber and th, -iangular
rotor sweeps past intake
port (white arrow) in the wall.

IGMTION
As the rotor face moves
down the comparatively
flat side wall, the gas is
ignited and expanded.
This provides the thrust
to keep the rotor turning.
At right, ignition propels
the piston on its downward
"power stroke."



COMPRESSION

As the Wankel rotor
turns, the gas (in dark
gray area) is pushed
toward the spark.plug.
A second point of the
triangle trails across
the intake port and covers it
momentarily. At right, the
valve shuts as the piston starts
upward, beginning to compress
the fuel mix.

4,+
EXHAUST

42-4

The rotor cleans house.
It sweeps the waste pro-
ducts of combustion out
an exhaust port (white
arrow). While this com-
pletes the final phase, new
cycles have already begun. This
is a continuous process. In the con-
ventional piston engine, the exhaust
goes out through a second valve as the
piston thrusts up for the last time.

The secret of Mazda's emissions control is the thermal reactor.
It is molded into the exhaust manifold. This reactor does the same
thing as the catalytic converter, with one major exception. The
thermal reactor is a simple type of hollow exhaust manifold. The

catalytic converter is lined with a catalyst to promote oxidation.
When the catalyst in the catalytic reactor goe-a-ealti which it can at

any time), the owner must replace it. The Mazda's thermal reactor
has nothing to go dead.

In an EPA report on the Mazda made March 1, 1973, the engine

was also praised for ifs day-to-day operation.
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Electric Car

Some people favor the development of an ELECTRIC CAR as a
means of reducing emissions. They claim it is: (1) silent, (2)
exhaust free, (3) powered by a simple motor which is 90% efficient,
(4) easy to handle, and (5) inexpensive to maintain. However, the
original cost of an electric car would be very high. In fact, it would
probably have to be rented if most people were to afford

As many as 16 exi_. el low-energy-density batteries are needed
to make the car go. To _cher they weigh the car down. They take up
as much space as the ,re trunk area. No existing electric car can
cruise much further than 80 miles or longer than a few hours. Then
they stop for a lengthy recharging. The additional generation of
electrical power to recharge the batteries rnLght cause as much pollution
as the internal combustion cars. If clean electric power sources are
developed, an attempt to develop more practical electric cars might

be worthwhile. Electric car manufacturers are trying to develop
better batteries while they are producing smaller vehicles for local
use such as golf carts, lift trucks and postal delivery vans.

The best way to protect the environment against emissions from
motor vehicles might be to use a variety of new engines. Each will be
best suited to the purpose of the car. However, both the automobile
industry and the petroleum industry could be expected to provide
strong opposition to the development of new vehicles which would cut
into their profits. The government could encourage the development
of cleaner engines. They could offer large contracts for gl.wernment
vehicles to the company which can produce the most efficient, cleanest
engine.

Ludvigsen, Karl. "1976 Vega-Honda." Science and Mechanics,
July 1973, pp. 40+.

Teacher's Environmental Resource Unit: The Automobile. Compiled by
Brevard County Center for Environmental Learning, 1972,pp. 39-45.

Wyss, Wally. "Can America Afford to be Last ?" Environmental Quality,
June 1973, pp. 44-46.

I
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Questions for Thought

1. What emissions can be controlled by a catalytic converter ?

2. What disadvantage is associated with the catalytic converter?

3. How, basically, does the Honda CVCC differ from the conventional ICE?
How does this help control emissions?

4. Are CVCC engines durrently available in this country ?

5. What are the major advantages of the Mazda's rotary engine?

6. List advantages and disadvantages of the electric car.

7. Should the federal government make a decision to "funnel" all available
funds into the development of ONE of the above types of engines?

VOCABULARY

1. alternatives: another possible choice; option

2. combustion: the process of burning
3. sponsored: supported, introduced
4. emissions: substances which are emitted (given off)

5. converters; changer
6. oxidizes: combines with oxygen
7. ignite.: to start burning
8. chambers: compartments, sections
9. rotary: going in a circular pattern

10. catalyst: a substance which speeds up a chemical reaction
between other substances

11. promote: increase
12. generation: production, making of something (as of electric power)
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the problem: 43

How does the need for transportation affect the environment?

clues for you
List all the possible methods of

transportation in your area. As a
class, make a map of the area around
your school showing:

a. bike paths
b. road ways
c. mass transit (buses, trains)
d. sidewalks
e. parking lots

List in order from largest to
smallest which of the above takes up
the most land.

Using the data card, compile a list
of the ways each method of transpor-
tation listed affects the environment.
For example, does walking have any
effect on air pollution? Water pol-
lution? Does driving a car have any
effect on air pollution?
Materials: inap of community, notebook
information card, Land Use (43-2)
data card, Transportation (43-1)
graph, Decline in Use of Mass Transit

in U. S. (43-3)

other ways to look at it
.. Study the graph, Decline in Use of Mass
Tragsit in the U. S. When did the most people
use mass transit? Why do you think this
happened? What things led to a decline in thn
use of mass transit in the United States? Do
you think mass transit ill become popular
again now that gas prices have risen?
.. Is any form of mass transit available in
your community? How many people use it
each week? Month?
.. Would people in your area use mass
transit? Which type would they favor?
Conduct a survey to find out.
.. Do you have enough bike paths and side-
walks in your area? Take a survey and find
out. Are they clearly marked as bike paths?
Find out if the local city or county govern-
ment has any plans for making more bike
paths available. Debate the pros and cons
of a bike path in your area.

what did you-discover?

List all the methods of transportation people use, and the way each
affects the environment.

[
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DATA CARD ON TRANSPORTATION
43-1

Type of
Transportation

Way It Affects The Environment

I

Is it Available

Air Water Land Noise Litter
in Your

Commuity ?

Walking

Bicycle

Automcbile

Bue

Plane

Train

Monorail



43-2
INFORMATION CARD

Land Use

The following table compares the amount of land each type of transportation
requires. Use this information in oompa:ring types of transporL.zion.

Auto: A transportation corridor one highway lane (12 feet) wide
can carry a maximum of 3,600 passengers per hour.

Bus: Ha Lf-filled bu es can carry 60,000 people per hour -
seventeen times as nany as the car.

Train: Trains, half-filled, will transport 42,000 passengers
per hour - twelve times the number handled by the auto.

Bicycle: A highway lane can comfortably hold two bicycle
lanes, allowing passage of 10,600 people per hour - almost
three tiL_es as many as cars.

Walking: A path the width of a highway lane can ccommodate
6,300 walkers per hour almost twice as many as automobile
passengers.'

SOURCE: Kenneth P. Cantor, "Warning: The Automobile
is Dangerous," The Environmental Handbook, ed. Garrett De
Bell, New York, Ballentine Books, Inc., 1970 , p. 200.
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Decline in Use of Mass Transit in U.S.

- 43-3
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Study Guide for

Decline Use of L Transit in U. S.

. When was mass trarqit the most p( in the U. S. ?

2. How many billion passengers were transported in 1945?
How many were transported by surface railroad?

3. How many billion passengers were transported in 1970?

4. Is the number of passengers using mass transit increasing or decreasing?

Why do you think this is happening?

5. What is presently the most popular form of mass transit?
How do you account for this?

6. Which form of mass transit is the . ast popular?
Why do you think this is so?

7. Which forms of mass transit have you used?
Which forms are availabie in your community?

I 3



the problem: 44

Can you express your feelings about nature?

clues for you a

Try a cinquain. It is a pecia1 form
of poetry. The i'ormula is given below:

The 1st line has one wordthe
subject:

The 2nd line has two wordswords
that describe;

The 3rd lint has three words
action .A rds:

The 4th line has four words--;our
feei..ngs aL it he subject;

-fte 5th line is nlv one wordthe
summarv.

water col r on the same
subject as your cinquain. Share it
with the class.

Mate -ials:
infornt iou ca:-d, Writing Haiku Poetry

t'44-1)
water colc)rs water u .a1')er

art materh..._
se

what dvid y ;,-A. .4t)60tsalWi
0,4

other ways -zo look at it:-
.. Select a song or peom about beauty or
nature (like America the Beautiful). Contrast
the words to what you really see happening
to the environment. Find pictures from mag-
azines. Organize a bulletin board display
using this idea.
.. Try other forms of poetry. Haiku is a
Japanese poetry form used to express one's
feelings about nature. Read the information
card, Writing Haiku Poetry. Play a Haiku
gp.n- with a friend.
.. Collect pictures to go with your poems.
Maki- a 1;.-...)k of poetry and ph. ires.

Jse express your fee kings about
th t.mrirornt-..ia. Use sketches, photo-

rubbings, mobiles, or
like.

. a sruL- ar- a pout the environnt.
Invite ..)ur parent:5.

Share with the class at least one way you expressed your feelins
tht environment.



n

,

e."'.. ',.

7:1° '11

.

.%,r '}u. .. --.....

A , . 1 ) .0 41.!1°."!: ..

+tn.

,,,,...-,-4/.:4
.4.4,,.1:(11 t

.: , -..i-",v-";.. Zr.?.ti-1;;W: 0 7-10-tiv, ,:..;.r,,.. -

A,.09S. :!
a

,!::..,,`

..
I, t..-.T.:1:.;; ....'"' .., .i..... b,.1"..$

'541tja:.; N-
OS

Oa 4
I V

4.1

710...
Vir

rr k

egili

-':-3,7e.,6,1;.7-,Igite;t71:-: !1'

4.-.777777:..

..
.t ~RAI :..z.i'1,071

"k N :

.. 1

I

1/4

. 7.7.,74;4774i,t47
e 04.14.,

j
*Vti t-``'

?" 'I,

fl4

',.1 011 4.1'1,14rackir



INFORMATION CARD

How to Write Haiku Poetry

44-1

One of the most popular forms of poetry in Japan for many years has
been Haiku. The first known Haiku poem was written in the 13th Century,
over 700 years ago. It is a very personal form of poetry. The writer of
Haiku writes it only for a frien(' .o read, and not to be published. The friend
usually writes one back. Its pupularity spans all ages and all ranks. The
emperor in his palace, the bus driver on his break, the farmer in his field
and the schoolboy during unch have been known to play the Haiku game.

Another reason for the popularity of Haiku is that it follows so much
the Japanese way of life. One must be very observant, have a sincere love
of nature, and ha.ve the ability to think about things indirectly.

Even .hough the following rules are simple to follow, it is not neces-
sary to follow them all the tim-. Even the Japanese don't,, if sticking to the
rules stunts the effectivenesF- of the poem. The main goal of the Haiku is to
have the reader "see" the picture the writer ,.2.3scribes and feel his emotion
at the sight. Ideally, the reader not nly experiences the writer's emotions,
but reading the Haiku enables him o experience his own. Of course, reading
and writing Haiku makes a person more observant and aware.

(elements)

Simple rules for writing Haiku:
three lines
Line 1 5 syllables long
Line 2 7 syllables long
Line 3 5 syllables long
refers to nature
mentions the season (directly or indirectly)

Additional rules:
it is about one event
the reader fills in the details
it refers to one or more of the five senses
it is usually written in the present (as it if is happening

right now)
it is about one moment of awareness involving deep feeling



Sample Haiku:

Old dark, sleepy pool
Quick unexpected frog
Goes prop! Water splash!

Flowers here and there
They are sprouting all around
Making the world smile

Autumn leaves are down
Colores are red and yellow
Making the ground light

The deer stops and looks
At the white wonderful world
All around himself

A still, dark figure
It stirs, leaps onto my bed
Its a purring cat

Lofty, white glaciers
They are looking down at me
V-ry close to God

44-2

Trees grow all around
Becoming old and stately
Watching the world grow

Butterflies flying
All stopping at bright flowers
Red, black, orange

Snow is sparkling
Falling lightly down to Earth
White, graceful, lace snow

(Note: All the above Haiku
were written by elementary
school students except the
first one. It was written by
one of the most famous
Haiku writers, Basho, over
300 years ago. )

Writing Haiku and Other Short Forms of Poetry. Will;an-, Browne and Adele
Harris, Educational AcfMties, Inc. , Freeport, N. , 1970.



the problem: 45

Twenty-five percent of the ele itricat 'output of power companies is used by homes.
In Florida, between 1960 and 1970, the average family use of electricity more than
doubled. (Use rose from 393 to 883 kilowatt-hours per month.) Do you contribute
to this problem ?

clues for you
Electrical vise is measured in kilo-

watt-hours. rake your family's elec-
tric bills for three months. Find the
number of kilowat' (KWH) on
each bill, If you read the
card; Understand, lectric Bill.
Add the KWH for ti three bills.
Divide this number by three. This will
give you an average. How much elec-
tricity does your family average each
month?

Start a family project. Try to re-
dnr..e he amount of electricity you use.
You will find son:- suggestions on the
card, Saving Electricity. Compare
your bills aftex. several months. Do
you see any difference ?

Why should you be concerned about
tl.L: amount of electricity you use ?
Materials:
electric bills for three months
information cards, Saving Electricity
(45-1) and Understanding Your Electric
Bill (45-3)

1what
did you discover?

other ways to look at it
.. Part of your electricity is for lights. Sur-
vey your home. List ways to reduce the
amount of electricity used for lighting. Try
to get your family to cooperate with your
suggestions. Report on your results.
.. Most homes have rthout 30 electrical
appliances. Survey yt.,ar home. List all the
eleLtrical appliances. Star the ones you could
do without. Try it. Suggest ways to cut down
the use of other ones. Try it. Report your
results.
.. Electricity can be produced many ways.
How is it produced in your area? How else
can it be produced? What is the cheapest way
to produce electricity? What is the cleanest
way? How does the production of electricity
affect the environment ?
.. Suggest ways your school could save elect-
ricity. Ask ycy principal to review your list
and comment On it. Can any of the ideas be
tested?

Report to the class on three ways you used to reduce the use of electricity in
your home. Show how effective these methods were.

j:'3
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SAVING ELECTRICITY1

How to Save on the Use of Lights

45-1

1. Do not leave lights burning when they are not needed.
2. Open drapes and blinds and use non-polluting sunlight.
3. When choosing colors for your room, remember that light colors reflect more

light than dark ones.
4. Try replacing high wattage bulbs with bulbs of lower wattage (see chart).
5. When you add light fixtures to your house, think about fluorescent lights.

They produce more light per watt, are less expensive to use, give off less
heat, and last up t ) ten times as long as incandescents.

What Does It Cost to Use Lights?
25 watts 100 hours 6C
40 watts - 100 hours 9C
60 watts 100 hours 14C

100 watts 100 hours - 23C

How to Save on the Use of Appliances
On the back of this card, there is a chart giving the approximate cost for oper-

ating most electrical appliances. Below are given some suggestions for reducing
the amount of electricity you use for appliances. Some of the suggestions are really
for your parents. Take this list home and :liscuss this with them. Saving electricity
also saves money in more ways than one!

1. Ask yourself if you really need to use that applianc.
2. Air conditioners use lots of electricity try to set the thermostat higher; a

few degrees can make a lot of difference. In the spring and summer, try using
fresh air we may not have it forever.

3. Use dishwashers and washers only when you have a full load. This saves water
too.

4. Try setting the thermostat on your hot water heater lower. Most of the time
you end up cooling the hot water. If hotter water is needed for laundry, set the
thermostat up a few hours before you start.

5. Don't overdry clothes.
6. Turn the TV and radio off when not in use.
7. Close the refrigerator door; don't open it unleSs it is necessary.

1Koestner and others, The Do-It Yourself Environmental Handbook, Boston: Little,Brown and Company, 1972.
1 :3 ,)



Cost of Appliances1

Apphance
5V.Ittage

Heat Pump (Combined Air
Conditioner and Heater) 11,848

Water Heater (Quisk Recovery) 4,474
Water Heater (Standar& 2 .474
Refrigerator-Freezer

(Frostless - 14 cu ft i 615
Food Freezer - Frosd ess ('5 cu ft.) 440
Air Conditioner 1.566
Refrigerator-Freezer 321
Food Freezer (15 cu. ft i 341
Range 12.207
Refrigerator-Freezer (14 cu. ft.) 326
Clothes Dryer 4.856
Refrigerator (12 cu ft.) 241
Televis:on (Color) 332
Dehumidifier 257
Dishwasher 1,201
Television (Black and White) 237
Fan (Attic) 370
Roaster 1,333
Frying Pan 1,1%
Radiant Heater 1,322
Humidifier 117
Bed Covering 177
Iron 1,008
Roll-about Fan 171
Coffee Maker 894
Washing Machine 512
Broiler 1,436
Hot Plate 1,257
Radio 71
Deep Fat Fryer 1,448
Washing Machine (Nonautomatic) 286
Vacuum Cleaner 630
Toaster 1,146
Food Disposer 445
Waffle Iron 1,116
Shaver' 14
Clock 2
Sun Lamp 270
Food Blender 386
Hair Drser 381
Food Mixer 127
Sewing Machine 75
Carving Knife 92
Toothbrush' 7

tstirnated
Use

Per Day

3.7 hr.
2.9 hr.
4.7 br

8.2 hr.
11 hr.
2.4 hr.

10.3 hr.
9.6 hr.

16 mM.

9.6 hr34min.

48.12 hhrr.

6 hr.
50 min.

2.2 hr.
25 rnm.
26 mM.
22 min.

-23.38 hhrr.

23 min.

2.2 h20 mrin.
33 min.
11.3 min.
12 min.
3.3 hr.
9 min.

44 min.
10.8 min.

.6151 Mi"nn.

21264 mmiinn".

24 hr
9 mi.n
6 min.

6 rnr17 mirIn.
24 min.
12 min.

117 min.

Annual
KWH

Consumed

Average
Monthly

Cost

1.,./03 15.00
4,811 5.50
i-'i 2 /9 4.80

1,)29 3.40
71,64 3.23

1,389 2.40
1,217 2.31
1,195 2.15
1,175 2.22
1,137 2.08

993 1.85
728 1.29
502 .86
377 1.61
363 .69
362 .66
291 1.31
205 .41
186 .36
176 .58
163 .49
147 .48
144 .29
138 .6-0
106 .19
103 .20
100 .21

90 .19
86 .17
83 .16
76 .15
46 .09
39 A:6
30 .05
22 .04
18 .04
17 .04
16 .04
15 .04
14 .04
13 .04
11 .04

8 .02
5 .01

'Cordless units whit h are plugged in rot recharging as needed during non-use periods

45-2

1Koestner anc: others, The Do-It Yourself Environmental Handbook, Boston: Little,
Brown and Company, 1972.
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Date meter
was read.

Met,. .
reading,

customer billed
at residential service rate.

Bill past due
20days after
mailing date

PIM&

Customer's fuel
adjustment based

on kilowatt
hours used. Cuctomer's account

number.
ccrAce nts?

adjustment.

n.ocutui POWER a VAT COMPANY

FUT DUE AMR FEB 27 74

MLL
AOWS1.11

CUM, AMIGA
u

624

Florida state
sales tax

(commercial and
industrial accounts).

tAs Lan OVALS aim IWO.Is KNOW NAll
Its ao CALcuLmo. flVfll

fCGC.11113

82),071:103,13 5254,

81Aff

FEB 4 8502

so,vre,fv10

1335
114-10

RS

AmO,IAT

2,151 46
c".f. 1,1.0$...... 1,4

PAST DUE PREVIOUS BALANCK

11215 NW 1 AVE.. c.
11AIOVIIT
NOW DM

ODIN RIO f

1.1 638

TOTAL

3 46

ISi
0...........evsam.,...m..,... "...5,..:m-4:-.4.,=:,:v.. :%'.....v,ssA..)-4,*::

27182

6328

Cost of service
including fuel adjustment

and taxes.

City or county
tax.

Balance from
4±'*;71revious billing.

Number of kilowatt hours used
from previous to prtent

reading.

Customer's
service addn..-,s.

1 .9

. Amount due
when billed.



- 9 = (a + 3)(a - 3)

a2 1,202

312 - 27

x4 1

= (a + be)(a - be)

= 3(12 - 9) = 3(x + 3)(x - 3)

(x2 1)(x2 1) 2
(x + 1)(x + 1)(x

9(y - 1)2 - 25 = C3(Y - 1) + 5,30(Y - 1) - 5)3

Trinomial Square

.
A trinomial square has the following patterns

a2 + 2ab + b2 or a2 - 2ab + b2

The first term is a perfe.t square. The third term is a
perfect square with a positive, sign. The middle term, the

product of the squarI root of the first and third terms,

doubled.

In order to factor a trinomial square, use the sign of the

middle terms

a2.+ 2ab + b2 = ( + )( + )

Find the square root of the first terms

a2 + 2ab + 112 = (a + )(a + )

Find the square root of the last terms

a2 + 2ab + b
2 = (a + b)(a + b)

a2 2ab + b2 = ( - )( - )

a2 - 2ab + b2 = (a - )(a - )

a
2 - 2ab + b

2
= (a - b)(a - b)

Examine the following examples of factoring a trinomial

squares

a2 -.2a + 1 = (a - 1)(a - 1)

912 + 6xy + y2 = (3x + y)(3x + y)

(25 + b 10b = rearrange

(25 - 10b + b2 = (5 - b)(5 - b)

193
98



Common monomial factor, trinomial square:

3a2 + 6ab + 3b2 = 3(a2 + 2ab + b2) = 3(a + b)(a + b)

Rearrange, factor trinomial square, factor difference of
two squares:

x2 + 2x + 1 - y2 = bx2 + 2x + 1) - y!jr:

[(x + 1)(x + 1) .721. f(x + 1)2 _ 723 as

DX 4' 1) + Olay + 1) = (r + 1 + y)(x + 1 y)



Performance Test

Factor the following expressions. If factorable,
they must be factored prime. When the expression is
unfactorable, write not factorable. Use your systemized
approach to'factoring ana7Nailairily all factors of an
expression in order to check yoUr mathematical ..operations.

1. -188.4 6a2

2. 7a + 7b + 7c

3. 6(a + b) + 12(a + b)2

4. 5ax + 10ay + 15a

5. ax + by + cz

6. 4 - 4x + 4y

7. 4x(2y + 5) + 7(2y + 5)

8. A2 B2

9. 64 - 25

10.

11.

12.

a2 + b2

a2 - 1

a2 + 4a + 4

13, 9a2b2 - 16

14. (a + b)2 - 9 Identify the following by
a B for binomial, T for

15.
trinomial. or M for monomial.

16. a2 - 2a + 4 21. xyz2

17. x4 - 16x2 + 64 22. a2 + b

18. x
2 + 2xy + y

2 23. #

19. x + 2x + 4 24. a2 + 2a + 4

20. 25. xy - 2b
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Performance Test Anewer Key

1. -6a2(3a4 + 1)

2. 7(a + b + o)

3. 6(a + 0E1 + 2(a +

4 5a(x + 2y + 3)

5. Not factorable

6. 4(1 - x + y)

7. (2y + 5)(4x.+ 7)

8. (A + B)(A - B)

9. (8 + 5)(8 - 5)

10.

11.

12.

Not factorable

(a + 1)(a - 1)

+ 2)(a + 2).

13. (3ab + 4)(3ab - 4)

14. + b) + 33(a + b) - 3.7

15. Not factorable

16. (a - 2)(a - 2) 21. M

17. (x2 - 8)(x2 -.8) 22. B

18. (x + y)(x + y) 23. M

19. Not factorable 214 T

20. (x + 1)(x - 1) 25. B

196
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A-PAK #13
MORE FACTORING

Rationale

Since you have completed A-PAK #12, you have at your
disposal three different ways to factor a polynomial.
There are also two additional types of factoring possi-
bilities. A polynomial is subjected to a total of five
treatments in a systematic fashion. Usually one or the
five will apply, and the polynomial may then be solved.

Instructional Objectives

After completing this A-PAK, the learner
toe

1. Factor given polynomials containing
factoring possibilities:

(a) Binomial Cubes,
0:6 Quadratic trinomials.

will be able

the following

2. Subject given polynomials to a systemized five-
step treatment and factor them until they are prime.

3. Check factoring accuracy, remultiplying factors
in order to obtain the original expression.

4. Write the classic five factoring possibilities.

5. Express a personal opinion about "insight" with
respect to factoring.

Performance Activities

1. Attend the "Second Factoring" chalkboard session.

2. Read "Factoring Continuum" included in this A-PAK.

3. Study pages 109-113 in Technical Mathematics.

4. Practice your factoring skills with the following
problem sets: page 109-110, odd problems 1-44; pages 113-
114, problems 4, 6-10, 14.

5. Memorize the "Classic Five" included in this A-PAK.

197
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FLCTORING CONTINUUM

Sum:Or Difference of Binomial CUbes

When the expression is a binomial, it may be factored

as (a) a common monomial factor or (b) the difference of
twn squares. The expression should first be checked for
these possibilities. The third possibility (called binomial
cubes) ins

a3 + b3 'or a3 b3

The first term is a perfect cUbe, and the third term is a
perfect cube. This type of expression is factoreds

a3 + b3 m (binomial)(trinomial)

The signs ares sa ( + )( + )

The first factor is the cube root of each of the-termss

a3 + b3 = (a + b)( + )

What is left?

a3 + b3 + b)(a2 - + b2)

The center term of the trinomial is the product of the two
terms in.the binomial factor without considering the signs

0 4- b, = (a + b)(a2 - ab + b2)

a.b

Another method of determining the factors of a binomial
cube is by assuming that in the expression

a3 + b3, (a + b) is a factor.

If sos a3 + b3 should yield an answer without a
TrVET remainder when it is divided.

Notes a3 + b3
Ti-71770- = (a2 ab + b2)



Examine the following binomial cubes and note how they
are factoredi

a3 - 1 = (a - 1)(a2 + a + 1)

8x3 + 27 = (2x + 3)(4x2 - 6x + 9)

a3 + b3 . (a + b)(a2 - ab + b2)

(a + b)3 - 27 = [(a b) 315a +b)2 + 3(a +.b) +

Quadratic Trinomials

When the expression is a trinomial and not a trinomial
square or does not contain a common monomial factor, it is

assumed that the expression will factor. It must be sub-

jected to a trial and error treatment.

If the sign of the third term is negative, thens

x2 + x - 6 = ( + )( - )

If the sign of the third term is positive, then examine the
sign of the middle terms it determines what both signs will
bes

x
2 1. 5x + 6 = ( + )( + )

x
2 5x + 6 = ( - )(

Notes

x
2 + x - 6 = ( + )( - )

The factors of the first term are (lx)(1x). Thuss

x2 + x --6 = (x + )(x - )

The factors of the last term are (6)(1), (1)(6), (2)(3),

(3)(2). What combination works?

x2 + x - 6 = (x + 3)(x - 2)

Factoring,

x2 + 5x + 6 = ( + )( + )

(x + )(x + )

(x + 2)(x + 3)

199
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Factoring:

x2 - 5x + 6 ( )( )

(x - )(x - )

(x 3)(x - 2)

Peruse the following examples of factoring quadratic
trinomials:

a? + 3ab 10b2 = (a + 5)(a - 2)

5a? - 7a + 2 sgs (5a - 2)(a - 1)

8a2 - 27a - 20 = (a - 4)(8a + 5)

3x2 - 17ab.- 6b2 = (3a + 1b)(m - 6b)

200
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TNE CLASSIC FIVE

I. Common monomial factor.

ag, + ay + as = a(x + y +

II. Difference of two squares.

a2 - b2 = (a + b)(a b)

III. Trinomial square.

2a + 2ab + b2 = (a 2: b)(a 4' 1?)

IV. Sum or difference of binomial cubes.

a3 + b3 = (a + b)(a2 - ab + b2)

a3 b3 = (a - b)(a2 + ab + b2)

V. Quadratic trinomial.

ABx2 + Cib + aB)x + ab = (Ax + a)(Bx + b)

201
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Performance Test

Factor the following expressions. If factorable, they must
be factored prime. When the expression is unfactorable,
write not factorable. Also subject each problem to "The
Cla8siE-Piii7-1E-i-iistemized fashion.

1. Identify each of the followings

(a)

(b)

(0)

(d)

ax + ay + az = a(x + y + z)

a2 b2 (a + b)(a - b)

a2 - 2ab + b2 = (a - b)(a - b)

a3 - b3 = (a - b)(a2 + ab + b2)

(a) 2x2 + x - 6 = (2x - 3)(z + 2)

2. a3 + b3 =

3. x3y3 - 27 =

4. 125x6 + 8y3c9 =

5.

6. 3x2 + x + 1 =

7. 241E2 - 13y - 2 =

8.
8_a 2 34a .1. 33 =

9.
a2 02 =

10. 3y2 - 14y - 5 =

Re-multiply the factors in order to check your factoring
accuracy.

11. If you have experienced a factoring "insight,"
express your opinion about the experience.



Performance Test Aram jim

1. (a) Common monomial factor.
(b) Difference of two squares.

(c) Trinomial square.
(d) Sum or difference of cubes.

(e) Quadratic trinamial.

2. (a + b) (a2 - ab + b2)

3. :Mx2Y2 + 327 + 9)

4. (5x2 + 2yo3)(25x 10x2y03 + 410)

5. 7(x2 - 1) = 7(x + 1)(x - 1)

6. Not factorable.

7. Not factorable.

8. (4a - 11)(2a - 3)

9. Not factorable.

10. (3Y + 1)(Y 5)

11. Insight can be described as a sudden realization of

the solution to a factoring puzzle. It is generally

experienced by the problem solver when he first views

the problem. It also is described as an exhilarating

experience.

Insight is not completely understood by educators or

psychologists.
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A-PAK #14,
QUADRATIC EQUATIONS

Rationale

To date, our capability of'solving equations has been
restricted to equations of the first degree where the vari-
able x is only to power 1. Factoring provides a method for
solving quadratic equations where the variable (x2) is of
the second degree. Unfortunately, not all quadratic poly-
nomials will factor, albeit they are Solvable by other
methods, one being a method called "completing the square."

Instructional Objectives

After completing this A-PAK, the learner will be able
to:

1. Apply factoring methods to given quadratic equa-
tions and solve them.

2. Specify the real number property applied to a
factored quadratic equation that permits its solutions
to be determined.

3. Identify the different kinds of quadratic equa-
tions and write their names.

4. Solve quadratic equations by the method oalled
"completing the square."

Performance Activities

1. Attend the lecture on Quadratic Equations.

2. View "Quadratic Equations," Eye-Gate 5-6E, at
the Center for Independent Study.

3. Read "Solving Quadratic Equations" included in
this A-PAK.

4. Study pages_240-247 in Technical Mathematics.

5. Practice your skills with the following problem
sets, page 243, problems l-24; page 245, problems 1-25.
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SOLVINC QUADRATIC, EQUATIONS

Factoring

Quadratic equations, such as a2 + 2a + 1 = 0 or

a2 = 8a - 15 mi. second degree equations that can often
be solved by factoring.

Example ls a28a.l5

a2 - 8a + 15 = 0 (rearranged)

(a - 5)(a - 3) = 0 (facitored)

Consider for a moment the following real number property.

ab = 0

There are three possibilities for a and bs

1. a = 0, b = a number
2. a es a number, b = 0
3. Both a = 0 and b 0

We disregard the third possibility sine, the equation would
be canceled. Then with the equations

(a - 5)(41 - 3) = 0

We assume first that a - 5 0

Thus. a = 5

We then assume a - 3 0

Thus. a = 3

The solution is (5, 3).

Note that both values will mathematically satisfy the

equations

a2 - 8a + 15 m 0

52 - 8(5) + 15 = 0 (substituting 5)

25 - 40 + = 0

0 - 0

205
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a2 - 8a + 15 =

32 - 8(3) + 15 =

9 - 27 + 15 =

0 =

0

0 (substituting 3)

0

0

Example 2e

x2 - 4x + 4 = 0

(x - 2)(x - 2) = 0 (factor)

x - 2 = 0 (assume)

x = 2 (solution)

Some quadratic equations are incomplete.

Example 3m x2 = 81

x2 - 81 = 0

(x + 9)(x - 9) = 0

x + 9 = 0 and x - 9 = 0

x = -9 x = 9

Thus the solution is (-9, 9).

Example 4,

4x2 - 3x = 0 (common monomial factor)

x(4x 3) = 0

x = 0 and 4x - 3 = 0

4x = 3

x

Thus the soluticn is (0,

206
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Example 51

thats

(3x + 1)2 gm

(3' + 1)(3x + 1) = 0

31 + 1 = 0

3x = -1

0

A quadratic equation

X =

will have two possible answers

(a) may be identical (same answer).
(b) may be + or
(c) one will be a number; the other a r_.2

Completing the 85uare

When the quadratic equation is not complte, it may

be solved by a method known as "completing the square."

Considers 21
2

- 6x mi 1

x
2

2x
2 6x

2

x
2
- 3x

x2 . 3x =

( ) 2

1
(reduce the numerical coefficient
(of the eters' to 1 by dividing by 2.

(Divide the numerical co-
(efficient of the second
(term by 2 and add its
(square to both members
(of the equation.

We have created a trinomial square and thus it must factors

irx +1

(x iXx

±tr14-

207
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Extract the square root of
each member of the equation.

The root of may be
either positive or negative.



x - = + Solve for the positive.
2 /114

x = +

x = 2 - Vhfr-
2

Solve for the negative.

X - - 1.6 = -.1

Thus the solution is (3.1, -.1).

The answer may be presenteds

x + 117417

X IN

5 + 11
2

3 - 37r.-f
The solution is (3 + 2V-If- ) - 77r1-)

2

Example 28

2x2 - 12x - )6 = 0

2x2 12x m
-f 2

x2 - 6x = 18

Rearrange.

Reduce numerical coefficient
of the first term to 1 by
dividing by 2.

x - ox +(3)2 = 18 +(3)2 Divide the numerical co-2 ,

efficient of the seoond term
by 2 and add its square to
both members of the equation.

(x - 3)(x - 3) = 27 Factor.

1/(x - 3)(x - 3) m )(77

= a 3 +
The solution is (3 + r11. 3 - )(II).

Find roots.
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Performance Test

Write mathematically the real number property that
permits the solving of a quadratic equation by
factoring and list the possibilities under the

property.

2. Identify each of the following types of quadratic
equations by names

(a) 21
2
+ 91 = 0

(b) x
2 - 36 = 0

(c) x
2 + 2x + 1 = u

Factor the following quadratio equations by firer; factoring

them and solving for the rootss

3. x2 - 49 = 0

4. a2 - 4a = 21

5 x2 + 1 = 2x

6. x2 = -2x

7 y2 + y - 6 = 0

8. (x - 2)(x + 1) = x(2 - x)

(multiply, collect, factor. solve).

Solve the following by completing the squares

9. x2 - 8x = 0

10. x2 - x - 3 = 0
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Performance Test Answer Key

1. ab = 01 then either a = 09 b = Os or both a and b = O.

3. (7.

4. (7.

5. (1.

6. (09

7. (-3.

8. (a)

9.

(b)

(c)

is m going.
Incomplete quadratic
term la missing.
Complete quadratic ea
prevent.

0

x2

e nation since the third term

equation since the second

uation since all terns are

0

- 2 = 0

x = 2

x2 - 8x + (4)2 = (4)2

Y(x . 4)(x -

10.

Y71-3

- 4 = +4

x = 8

(8, 0)

x am 0

(1)
2

"I 4. (1)2

x . .1 - J0(7175
2 2

115
210

x = 1 +2 1' -373

x ."2



A-PAK #14A (OPTIOAAL)
APPLYING THE QUADRATIC FORMULA

Rationale

Some quadratic equations do not factor# and applying
the method of completing the square is cumbersome. Com-
pleting the square, however, can be utilized to derive a
quadratic formula that in turn will permit any quadratic

equation (providing the discriminant is not negative) to

be solved. Deriving the quadratic formula is also in 11:-

self an exercise that will stimulate the mathepatioal

palate.

Instructional Ob ectives*

After complating this A-PAK. the learner will be able

tos

1. Understand how the quadratic formula is derived.

2. Apply the quadratic formula for solving quadratic

equations.

Performance Activities

1. Read "The quadratic Formula" included in this

A-PAK.

2. Study pages 247-252 in Technical Mathematics.

3. Practice solving quadratic equations with the.

quadratic formula, page 250, problems 5-27, odd numbers

only

Performance Test

There will not be any Performance Test for thls A-EAK.

It is hoped that the exercise has increased your kneledge
and expanded your horizona.

*This is an .optional A.-PAfis therefore, the oWectives

are not specified as measurable.
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THE AUADRATIC FORMULA

Completing the square for the classic quadratic
equation, we derives

ax2 + bx + = 0

ax2 + bx = -c

2 b+ -x = --
a a

2 b+ -x + (-b = + b
a (24) a (i)

(x + b V + _s + b
2

2a A 2a a
14112

Classic form.

Dividing by a.

Completing square.

Factoring.

b b ) b2 - 4ac
(rx + Tilx + 2i. = Adding fractions.

4a
2

.b ...y b2 - 4ac
x + = x Extracting roots.

2a 2a

-b V b2 - 4acx = t Solving for x.
2a 2a

-b t V b2 - 4acx = Adding fractions.
2a

The b2 - 4ac is called the discriminant of the quadratic
equation and must be non-negative.

We can solve any quadratic equation by means of the
quadratic formula providing the discriminant is greater
than zero or equal to zero by means of the following methods

Problem ls

Lets

Ands

2x2 + 3x + = 0

a b c

2 h
-13 - .tac
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Substitutings

Solving for +e

Solving for -s

Problem 2s

-(3) ± V (3)2 - 4(2)(1)
2(2)

-3 + Y 1
4

3x2 + x - 1 = 0

1 1 1

a b c

-b t V b2 - fiseX = 2a

x =

x = --.-;"")4. III

..(1) ±
2(3)

X la X llg

pl. i... 10 113)
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A-PAK #15
SYSTEMS OF EQUATIONS

Rationale

Some linear equations contain two variables. The
solution set can be determined providing a system is
evtlent. A system is composed of two equations if there
are two variables or three equations LT there are three
variables. Also, the solution (an ordered pair) will
satitfy both equations.

Instructional Objectives

After completing this A-PAK, the learner will be able
tog

1. Solve given equation systems by 'means of addition.

2. Solve given equation systems by means of subtrac-
tion.

3.
tion.

4.
ordered

Solve given equation systems by means of substitu-

Write the solution set for equation systems
pairs, i.e., Cx, y).

5. Check the solution of solved systems by the
tution of solutions into the original equations.

6. Demonstrate orderly methodology when 'solving
by labeling methods and logical problem solving.

as

substi -

systems

Performance Activities

1. Attend ;he chalkboard lecture "Simultaneous Equations."

2. Read "Linear Equation Systems" included in this A-PAK.

3. Study pages 208-213 in Technical Mathematics.

4. Practice solving systems with'the.following problem
sets, page 213, problems 1-24. Solve first by the addition/
subtraction method and check your solutions by the substitu-
tion method of solving.
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LINEAR EQUATION SYSTEMS

A system of equations contains two equations as well
as two variablos. The solution to the system (solution
set) is an ordered pair that is the solution for each
equation. (It must satisfy both equations.) The solu-
tion set of the system is also the intersection of the

system. Systems are sometimes called simultaneous equa-
tions, and the system may be solved several ways.

Addition or Subtraotion Method

Elample ls 3x + 2y = 4
2x + 57 = 10

Equation 1
Equation 2

Multiply the first equation by 2 and the second equation

by 3.

6x + 4y = 8
Subtracts (-) 6x + 157 snag

.-lly = 22

y = 2

Substitute the value for y into either ef the equations in
order to solve for x.

6x + 4y = 8 Equation 1

6x + 4(2) = 8

6x + 8 = 8

6x = 8 - 8

6x = 0

Note that x = 0 and y = 2 satisfies both original equations
of the system. The solution set is specified as an ordered
pair (x, y) or (0, 2).

Example 21 y = 2x + 7

x + y = 10

Rearranges -2x + y = 7 Equation 1
x + y = 10 Equation 2
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Multiply Equation 2 by 2s

Add s
-2x + 7 - 7
2x + 2 = 20

3y ge 27

la 9

Substitute the value for y into either equation in order
to solve for x.

Example 31

-2x + y = 7 Equation 1

-2x + 9 = 7

-2x = 7 - 9

-2x = -2

x = 1

(1, 9)

2x - y = 6 Equation 1
-3x +27.3 -8 Equation 2

Multiply equation 1 by 21

4x - 2y = 12
Adds -3x + 2y = -8

x 4

Substitute the value for x into either of the equations in
order to solve for y.

-3x + 2y = -8 Equation 2

-3(4) + 2y = -8

-12 + 2y = -8

2y = 4

y = 2

(4, 2)
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Substitution Method

Thcs substitution method for solving systems involves
solving for one variable in terms of the other variable
(x in terms of y or y in terns of x); substituting the
expression in the other equation; and then solving either
equation for the second variable.

Example 18

Solving for x
in terms of ys

3x + 2y = 4
2x 4. 5y = 10

3x + 2y = 4

3x = 4 - 2y

Equation 1
Equation 2

,Equation 1

vs

5 5

Substituting; 2x-4 5y = 10 Equation 2

(4 2 )2(5 - 57) + 5y = 10

8 if

8 - 4y + 15y = 30

lly = 30 - 8

lly = 22

2

Substituting 3x + 2y = 4 Equation 1
y = 2 in either
equations 3x + 2(2) = 4

3x + 4 = 4

3x = 0

x = 0

(0, 2)

Example 28 y = 2x + 7 Equation 1

x + y = 10 Equation 2

Equation 1 has a value for y in terms of x.
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Substituting, x + y = 10 Equation 2

x + (2x + 7) 10

3x + 7 = 10

3x = 3

x = 1

Substituting x + y = 10 Equation 2

= 1 in
either 1 + y = 10
equation,

9

(1. 9)

Example 31 2x - y = 6 Equation 1

-3x + 2y = -8 Equation 2

Solving for x 2x - y = 6 Equation 1
in terms of ye

2x = 6 + y

x 3 + X
2

Substitutings -3x + 2y = -8 Equation 2

-3(3 + i) + 2y = -8

-9 - 4. + 2y = -8

-18.- 37 + 4y = -16

y = -16 + 18

2

Substituting 2x - y = 6 Equation 1

y = 2 in
either 2x - 2 = 6
equations

2x = 8

x = 4

(4. 2)
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Performance Test

Solve the following systoms by means of the addition

method. Write the solution as an ordered pair in z and

y. Chedk the solution by substitutior with Equation 1.

1. 3x - y = 9 Equation 1
x + 2y = 10 Equation-2

2. 3x + 2y 11 Equation 1
5x - 37 al 31 &Pat/on 2

Solve the following equattons by means of the subtraction

method. Write the solution as an ordered pair in a and b.

Check the solution by substitution with lipation 2.

3. 2a + 3b = 4
2a + 6b = 10

4. 7a 2b = 8-
7a + 3b = -12

Equation 1
Equation 2

Equation 1
Equation 2

Solve problems 5 and 6 by the substitution mothodilabel
each equation.

5. 3x - y = 9
x + 2y = 10

6. 3x + 2y = 11
5x - 3Y 31

Equation 1
Equation 2

Equation 1
Equation 2

Do your anstrers for problems 5 and 6 check out with

problems 1 and 3 of this test?
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Performance Test Answer Key

1. (3x y = 9)2 a 6x 2y = 18
x + 2 = 10 x + 2 in 10

7x = 28
x = 4

6x 2y =
6(4) - 27 =

- 2y =
-2y =

18
18
18
-6
3

Checks 3x
3(4) -

12 -
y a 9
3 - 9
3 - 9
9 9

(49 3)

2, (3x + 2y = 11)3 = 9x + 6y = 33

(5x 33, - 11)2 .. 101 67 - 62
19x = 95

x si 5

5x 3y = 31
.5(5) 37 = 33.

37 as 6
= -2

(5. -2)

Cheek s 3x + 2y = 11
3(5) + 2(-2) = 11

15 - 4 a 11
- 11 a 11

3. 2a + 3b = 4
2a + 6b = 10

2a + 3b = 4
2a + 3(2) = 4

2a = -2
a = -1

Check s

2a + 3b = 4
-2a - 6b -10

-3b = 6
b

(-1 , 2)

2a + 6b = 10
2(-1) + 6(2) = 10

-2 + 12 = 10
10 = 10

220

125



4. 7a - 2b m 8 7a - 2b = 8
7a + 3b = -12 m -7a - 3h = 12

-5b = 20

7a - 2b
7a - 2(-10

7a
a

8
8
0

= 0

ChecKs 7a + 3h = -12
7(0) + 3(.4) m,-12

-12 = -12

3x - y = 9 Equation 1
x + 2y m 10 Equation 2

3x - y = 9 Equation 1
3x = y + 9

x + 3
3

x + 2y = 10 Equation 2 x + 2y = 10

+ 3 + 2y =
3

10 x + 2(3) = 10

y + 9 + 6y . 30 x + 6 = 10
7y = 21 x = 4

= 3 (4, 3)

6. 3x + 2y = 11 Equation 1
5x - 3y = 31 Equation 2

3x + 2y = 11 Equation 1
2y = 11 - 3x

11 1

5x - 3(11 - 2x) = 31 Equation 2 5x - 3y = 31
(2 2 )

5x - 42/ ix 31 5(5) - 3y = 31
10x - 33 + 9x = 62

19x = 95
25 - 3y = 31

-36 = 6
x = 5 (5. -2) y -2

7. Yes, problem 5 lc problem 1 and problem 6 is problem 3.
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A-PAK #16
GRAPHING EQUATIONS

Rationale

Graphing equations is an integral part of contemporary
algebra and higher mathematics, for not only is a visual
picture of the equation then evident but.graphing a system
is also a method of solving systems. This A-PAK builds
upon the technique developed in A-PAK #11, "Graphing
NuMbers, Sets, and Ordered Pairs."

Instructional Ob ectives

to.
After completing this A-PAK, the learner will be able

1. Chart and graph given functions.

2. Chart and graph given quadratic equations.

3. Chart and graph systems of given equations.

4. Determine from specified equations:
(a) The y-intercept.
(b) The slope--positive or negative.

5. Determine from a graph if a -system iss
(a) Independent (and show solution).
(b) Inconsistent.
(o) Dependent.

Performance Activities

1. Attend the regular class time session on Overhead

Projector Graphing.

2. Read "Graphing Quadratic Equations" included in

this A-PAK.

3. Read "Graphing Systems" included in this A-PAK.

4. View "Graphic Solution of Linear Equations and
Linear Inequalities," Eye-Gate 5-6D: "Graphs of Quadratic
Ftnetions," Eye-Gate 5-6G, and'Oraphio Solution of In-
equalities and Equalities," Eye-Gate 5-6H.
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5. Study pages 254-2559 267-269, 205-208 in Technical

Mathematics.

6. Practice your skills with the following problem
setss page 2699 problems 19 5, 7, 8, 11; page 2139
problems 1-6.

7. Read pages 36.48, "Cartesian Planet," in Concepts

of Sets.
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GRAPHING QUADRATIC EQUATIONS

Functions

The expression

f s x --- 3x + 1

is reads the function f that pairs x with 3x + 1. A
function is two sets tied together with a rule that links
one element of a set together with an element of another
set.

Ifs x is 3x + 1

and x = 1 4

and x = 2 7

and x = -2 5

Example ls

When charting a quadratic equation like y
establish values for x and determine -3x2, which is equal
to y.

0

1

1

-1

1

-3(0)2

-3(1)2

(2)

-3(-1)2

_4 1)2
(-2)

0

-3

-3

Note that any values for x may be substituted as
elementR. The values for y are tied by the rule or equation
y = -3z4. Thus an ordered pair results. The ordered pairs
can be graphed. The points form a curve known as a p:Ikabola
(see graph y = 3x4).
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Example 21 Chart-and graph 7 = x2 - 2x - 3

x2 - 2x - 3 7 jx, y)

0 02 - 2(0) - 3 -3 (0, -3)

1 1
2

- 2(1) - 3 -4 (1, -4)

2 2
2

- 2(2) - 3 -3 (2, -3)

-3 3
2

- 2(3) - 3 0 (3it o)

5 (-4, 5)

-2 (-2)2 - 2(.2) - 3 5 (-2, 5)

-1 (-1)2 - 2(-1) - 3 o (-1, o)

(See graph x2 - 2x - 3)

Example 31 Chart and graph x2 - 4x + 4

x2 - 4x + 4 =

0 (0)2 - 4(0) + L. 4 (0, 4)

1 (1)2 - 4(1) 4.4 1 (1, 1)

2 (2)2 . 4(2) + 4 0 (2, 0)

3 (3)2 - 4(3) + 4 1 (3g 1)

L. (4)2 - 4(4) + 4 4 (4, 4)

(iee graph x2 - 4x + 4)

Example 41 Chart and graph x2 + 4x + 4

12 + 4x + 4

0 (0)2 + 4(0) + 4 4 (0, 4)

-1 (-1)2 + 4(-1) + 4 1 (-1, 1)

-2 (-2)2 + 4(-2) + 4 0 (.2, 0)

-3 (-3)2 + 4(-3) + 4 1 (-3, 1)

.4 (-4)2 + 4(-4) + 4 4 (.4, 4)

(See graph x2 + 4x + 4) 225
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GRAPHING SYSTEMS

Linear Equations

A linear equation in two variables, such as 2x + 4y 8

will graph as a line. The equation is of the form
y + b where a = slope and b = the y intercept.

Elaaple ls Graph 2x + My as 8

Step 11 Solve for y in terms of x.

= -2x + 8

y iX 4. 2

y as + b (note the form)

Step 2i Substitute values for x. Always determine throe
points.

-Ix + 2 = y (x, y)

0 -1(0) + 2 2 (0, 2)
2

2 -i(2) + 2 1 (2, 1)

-2 4(-2) + 2 3 (-2, 3)

1
.Step 3, Graph the ordered pairs (see graph y = + 2).

In y = mx + b, b is the y intercept. Note that when x = 0,
b = 2 is easily identified when the equation 2x + My = 8 is
tranoforaed to y -lx + 2, The line crosses the y axis at
(0, 2). 2

Note in the eqvation y = -ix + 2:

-1 corresponds to m in y = mx + b which is the slope of the
2 line. If negative, the rine will slope \but if positive,

the line wilI slope/.
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Slope is further defined ass

slope rise
run

m =

-1 = riseIn our equation m = -y, assume then

This means that from an established point on the line for
every -1 on the y axis there will be a 2 on the x axis.

1Note the slope increments on graph
2

1 =If we assume -- rise----, for every +1 on the y axis there
-2 = run

will be a - 2 on the x axis.

Example 2s Graph 2x - y = 7

Step 1: Solve for y in terms of x.

-y = -2x + 7

y = 2x - 7

Step 2, Substitute values for x.

= y (x. Y)x 2x7=7

0 2(0) - 7 -7 (0, -7)

2 2(2) - 7 -3 (2. -3)

3 2(3) - 7 -1 (3. -1)

Step 3s Graph the ordered pairs (see graph y = 2x - 7).
2

The y intercept is.(0, -7)1 the slope is m = x. Therefore
the slope is / or positive. For every rise of 2, there is
a run of 1.

A line may similarly be graphed for the x intercept.

2x - y

2x

If y = 0, then x = Z2

13 3
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Example 3s Graph y = 4

Step ls Solve for y in terms of x.

y = Ox + 4

Step 21 Substitute values for x.

Ox + 4 = y (x. Y)

1

2

0(1)

0(2)

0(3)

+ 4

+ 4

+ 4

4.

4

4

(1, 4)

(2, 4)

(3, 4)

From the equation y = Ox + 4, we determine the y intercept

is (0, 4)1 further that the slope is 0. No rise, no run.

Therefore, we must graph a line parallel, in this case to

the x axis (see graph y = Ox + 4).

When an equation is x = 3, the line parallels the y axis

(see graph x = 3).
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Systems

When each equation in a system is graphed on the same
coordinate axis, either of three possibilities will occur.

1. The lines will intorseet and the point of inter-
section will be the solution to the system. When inter-
section occurs, the system is called ans

independent system.

2. If there are two parallel lines--no intersection
there is obviously no solution to the system. It is called

ant
inconsistent system.

Am'

3. If the graphs of the equations are identicalonly
one line appears (the same line for both equal:ER-ITit is
termed ao

dependent system or coincident system

and has an infinite number of solutions--every point on the
line is a solution.

Example lo Graph the system, x + 2y = 5 Equation 1
2x - y = 5 Equation 2

Equation ls

Equation 2.

1 1
= -2x 2

y-intercept O, C
1slope = -7

(See Graph A.)

y = 2x - 5

y intercept = (0, -5)

slope =

Solution = (3, 1) independent.

231



Example 2: Graph the system, 4x + 3y = 12 Equation 1
8x + 6y = 12 Equation 2

Equation lo 4Y is -5x + 3

y-interoept = (0, 3) o

slope
L.

3

Equation 21 4y = -5x + 2

y-intercept = (0, 2)

4
slope

Note that the slope is the same but two different y
intercept (see Graph B).

Solutions 0 lines are parallel--inconsistent.

Example 31 Graph the system, 2x + y = 3 Equation 1
4x + 2y = 6 Equation 2

Equation lo y = -2x + 3

y-intereept = (0, 3)

2slope =
1

Equation 2: y = -2x + 3

y-intereept = (0, 3)

slope =

Note it is obvious that we have two equations that are
identical. .Both y intercepts are (0, 3) and both have
the same slope (see Graph C).

Solution = infinite nutber of solutionsdependent.
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Performance Test

Graph the following funotionss

2
1. y x 2. y -2x

Graph the following quadratic equations:

3. x2 + 2x + 1 4. x2 -.2x - 3

Graph the following linear equations:

5. m -3

Graph the following systems:

7. x + y =2 4 Equation 1
x - y 2 Equation 2

6. x - y 2

8. 2x + y 3 Equation 1
x + 2y 0 Equation 2

9. If there is an intersection of lines, the system is
called

10. If the lines are parallel, the system is

11. If both equations of a system graph the same line,

the system is

Identify:

12. The
The
The

13. The
The
The

slope of Equation 1, problem 7.
7-intercept of Equation 2, problem 7.
solution set of problem 7.

slope of Equation 2, problem 8.
y-interoept of Equation 1, problem 8.
solution set of problem 8.

Graph the following lines:

14. point (-2. -2): m m 1
2

15. y-intercept 41 m -1
2
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Performance Test Answer Key (Continued)

7 9
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Performance Test Answer Xey (Continued)

9. Independent--a solution at intersection.

10. Inconsistent-0 no solution.

11. Dependent or coincident--infinite number of solutions.

12. 1slope = -T Equation 1, problem 7.

y-4.nteroept = (0, -2) Equation 2, problem 7.

Solution Set a (3, 1) Problem 7.

13. 1slope =

y-intercept = 3

Solution Set = (2, -1)

237
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A-PAK #17
ROOTS

Rationale

There are several means of extracting roots. The
method selected is related to the reason for extracting
the root. A longhand method is practicii, a root chart
or slide rule : is, convenient, and a calculator is in-
fallible. Algebraically, however, we are often restricted
to simplifying an expression containing a radical sign or
perhaps finding approximations like theses

Y7F- = 1.414
su 1.4

)75 = 1.732
sig 1.7

r5 25 2.236
2.3

Roots also introduce a heretofore unexplored part of the

real number systemirrational numbers--numbers that do
not repeat or terminate.

Instructional Objectives

After completing this A-PAK, the learner will be able

tos

1. Demonstrate proficiency in obtaining roots from a
square or cube root table for given radicals.

2. Identify from a set of real numbers irrational
numbers.

3. Write the three laws of radicals.

4.
solve or

5.
ceded by

Apply the correct law of radicals in order to
simplify given expressions.

Solve or simplify given radical expressions pre-
a negative sign and/or containing variables.

Performance Activities

1. Attend the lecture on Irrational Numbers.

2. Read "Radicals and Roots" included in this A-PAK.

3. Examine the "Square Root and Cube Root Table,"
page 408, in Technical Mathematics.
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4. Complete the "Root Extraction Ertrcise" included
in this A-PAK.

5. Study pages 48-54 in Technical Mathematics,

6. Practice your skills with the following problem
sets. problems 1-45, odd numbers only, page. 501 problems
1-27, odd numbers only, page 54.

239



ROOT EXTRACTION EXERCISE

Extract the approximate roots of the following.problems.
You may use the Approximate Root Table located on page 408 of
Technical Mathematics.

1. x = 1

2. x = 3

3. x = 13

4. x = 47

5: x = 5

6. x = 2 11.

7. x = -5 12.

8. x = 14 13.

9. x = -18 14.

10. x = 50 15.

Can you memorize the square root of,

16. 2 =

17. 3 =

18. 5 =

Find rErri when:

19. n = 5

20. n = 23



1.

2.

3.

4,

5.

16.

17.

18.

19. r-317

20. It 230 15.166

SOLUTION TO ROOT EXTRACTION EXERCISE

1 6. 1.260 11. -2.646

1.732 7. -1.73.0 12. -4.472

3.606 8. 2.410 3.3. -3.317

6.856 9. -2.623. 14. -3.742

2.236 10. 3.684 15. -2

1.43.4

1.732

2.236
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RADICALS AND ROOTS

The real number system is composed ofs

I. RATIONAL NUMBERS

1. Whole numbers and zero.
2. Fractions (decimals).
3. Both + and - whole numbers and fractions.

II. IRRATIONAL NUMBERS

1. ir
2. Roots like IrE or ir-5

8214re Root Definition

A. positive number contains two square roots, a positive
and a negative. For examples

)(7TE +9,.+9 Or

Negative numbers do not have square roots although cube
roots may be extracted from negative numbers.

.31.3..3

The square root of a variable las

Y7a 2r113C

We Are not concerned about the negative.

Laws of Radicals

There are threw laws of radicals that are applied to
solving problems containing roots.

First Law of Radicalss 310eri:tri

This law permits an algebraic simplification.

yarr rrc.

Y13a y--§. y---5 3y3
Note that the 45 is factorods 5.3.3 and 3.3 is a "perfect
square", thus permitting extraction of its roots.

242
147



Example 11 Simplify.

)770-117 MI5
y-2.3 YT--.2y-i

.1.51, Leff

Example 2: Simplify.

- y 8x3y2 mg (_) r27 Y-7-2

= -237

Example 31 Simplify.

n

Second Law of Radicals: =
Y 1/71

Example 1: Simplify.

.1

Note how the n was multiplied by 13 in order to clear

Y-5 11-5

the denominator of the radical sign.

Example 2: Simplify.

Vrr .
2\3(7.

Example 3: Simplify.

_
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Sums of roots may also be simplified.

Example 11 Simplify:

3Y-E- Y-5+4V-1- 6 1r5ai

3 YE + M. )/E y--5.6y3B

71/7-7V-5.,

Example 2. Simplify.

4 irE - 2 irE + =

Example 3. Simplify.

2 YiS + 5)V-52

2 VW lrY + 5 irig =

22 + 5.4 rE =

4 Ir-E + 20 Y-T In 4 + 201V-2 = 20VE

Third Law of Radicals. This law is also one of the rules
of exponents (liule VI).

rts1- 1\yrri

This law permits a radical to be rewritten as a base with
a fractional exponent.

Example 1:

Example 2:

zit 2 11-2.5

101/7-27 is 27g
3
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Performance Test

1. Circle the irrational numbers of the following sets

3.

1 2

1 22
4 .506 7 3.1416

Find the roots of the following by means of the square

root tables

(a) Y-E (d) rrT

(b) Y-5 (e)

(0) Y-3 (f) 1'7

Write the three laws of radicals.

Simplify the followings

(e) Y-rE = (f) Y13-2-7

(b) - )ra (g) 2 YT-
)(75

(c) 3 r3.4 (h) 3 )i-U +

(d) )

27x) =

(e) _Fru =
(j) 2 +

1 - y3
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Performance Test Answer Key

1. + 1

2. (a) 1.414 (d) 2.410

(b) 1.732 (e) .4.646

CO) 2.236 (f) 2

3. First Laws YTS yi-drs
Second Laws iFt

v y-b-

Third Laws

xi' xm

4. (a) V-TE = ra a 2 V-5

(b)
VW9"

(0) 3 r3 4 1(7 = 12 V32 33 12.5 .. 60

(d) - V7x3 --)/7 jr:"; =-22)/77x

(e) Yi, a 1:3E . ir-v h je-w m 4.2.2.2 m 1

rif 8 1r

(f) \I 63x.r 7 = y7r6 3x3

(g) 2 k7-3.-6.. 2 r3 - 117 k-3 .. 2 -

(h) 3 Or+ Y7 3 Y-7 rg + at 6 ri jr-E ge

rE(6 4, 1) - 7 ri
(1) 3

27x3 a -3x
2±_if5.1 + 7 + 3Y-3 7 +
1 - )(3 1 + 1 5 4
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A-PAK #18
WORD PROBLEMS

Rationale

Word problems represent a culmination of learning
algebra and intuitive reasoning. Therefore, solving
typical problems has been reserved for the final algebraic
packet. It is important to approach word problems with a
predetermined system for finding their solution. A posi-
tive attitude and determination will facilitate finding
solutions.

Instructional Objectives

After oompleting this A-PAK, the learner will be able
tos

1. Develop a personalized system for solving word
problems.

2. Solve open sentences When given equations are
supplied.

3. Wrif.:e open sentences for given word problems.

4. Write open inequalities for given word problems.

5. Write a personal opinion explaining the confidence
or lack of confidence about.your capability concerning word
problems.

Performance Activities

1.. Attend the lecture on Writing Open Sentences.

2. Read "Applications - Open Sentences" included in
this A-PAK.

3. Review the slide presentation "Open Sentences,"
Eye-Gate 5-6A, at the Center for Independent Study.

4. Study pages 214-215 in Technical Mathematics.

5. Practice your skills with the following problem
sets: Exercise 46, page 217, problems 1 through 30.

6. Consult the textbook or books reauired in your major
study area. Compile a file of sample word problems and sub-
mit for "extra credit."

(a) Print the word problem on a 3 x 5 card. Show
the source of the problem.

Present the solution to the problem on the

opposite side of the card.
152
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APPLICATIONS - OPEN SENTENCES

One practical application of algebra is the solving of
word problems. Generally the problem ean be solved by sub-
stituting problem data for variables (providing the equation
is known) and then mechanically solving the equation.

Example ls Given a cutting speed formula, determine the RPM
of a twist drill.

CS = cutting speed in feet per minute = 80.
RPM = revolutions per minute of.the drill.
d = diameter of the drill =

Substitute: Rpm a L11221

Solves RPM = 480*-§- = 2 60 853

3 3

RPM = 85)

Example 2s Determine the length of one of the sides of a
right angle triangle given the other two sides,
utilizing Pythagorean theorem.

a is unknown: b

a2 b2 = c2

a2 = c2 b2

= 3"; 0 5"

a

Substitutes a = )/(5)2 - (3)2 = Yi25 77-9 =

b = 4

248

153



example 3: Find the circular_cross section of a conductor
(wire) utilizing the formula:

Substitute:

A = circular cross section.
Tr = 22

7
d = diameter of wire .025 or = 1)

(1000 0)

A mis

22 (1)2 4A = --76(0) 1:

A = ga 1 4 . 22
76I-Orr 205

A = approx. .007857

Variables

A variable may represent members of a set called the
domain or replacement set of the variable. The variable is

a symbol. A variable with just one value is termed a
constant.

An equation like x + 7 = 14 or an inequality such as
x + 7416 contains a variable and is called an
sentence. In the first example, the domain is
The set of numbers tr which an open sentence is true is
called the solution set. For the inequality x + 7416
the solution set is

tall numbers less than nine3

When the data is presented but the formula is not

available an equation must be constructed. This ilmgalled

"writing an open sentence." There are several types of
traditional algebra word problems; however, only a few are

presented as examples. The learner should try to develop
an orderly method of problem solving similar to the follow-
ing:

1. Read the problem several times.

2. Note what information (data) is Supplied.

3. Select representation syMbols (variables) for the
unknown quantity or quantities.
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4. A drawing, chart, or visual sketch will often
suggest relationships.

5. Perhaps writing the open sentence in words may
help--especially at first.

Integer Problems

Example las Find three consecutive odd integers whose sum
is 98.

Representation: x = lst odd integer
x + 2 = 2nd odd integer
x + 4 = 3rd odd integer

Open Sentence: x + (x + 2) + (x + 4) = 98

Solve: x + x + 2 + x + 4 = 98

3x + 6 . 98

3' = 93

x = 31

Solution: lst integer x = 31
2nd integer x + 2 m 33
3rd integer x + 4 = 35

Example lb: The difference between two numbers is 9. Their
sum is 21. Find both nuMbers.

Representation: x = 1st number
y = 2nd nuMber

Open Sentences: y - x = 9 and y + x = 21

Solve: y - x = 9 y - x = 9
(y + x = 21) =7_=_X.2=11

-2x = -12
x = 6

y - x = 9
y - 6 . 9

y = 15

Solution: x = 6
y = 15
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Example les Three times a given number is greater than the
number plus 8. Find the given nuMber.

Representations x = given nuMber

Open inequality. 3x>x + 8

Solves 3x - x)>8

2x> 8

x>4

Solutions x>4

Example lds Find three consecutive integers if the sum of
the first and third is 98.

Representations lst integer = x
2nd integer = x + 1
3rd integer = x + 2

Open Sentences x + x + 2 = 98

Solves 2x = 96

Solutions x = 48

1st integer x = 48
2nd integer x + 1 = 49
3rd integer x + 2 = 50

Geometric Problems

Example 2se The perimeter of a square la 32 inches.
Determine the length of each side.

Representations x = length of one side.

Open Sentences

Solves

Solution,

4x = 32

4x = 32

x = 8

length of side = 8
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Example 2bs The width of a rectangle is 8 inches less
than its length. The perimeter is 96 inches.
Determine the length and the width.

Representations x = length
x - 8 = width

Open Sentences 2(x - 8) + 2x = 96

Solves 2(x - 8) + 2x = 96

2x - 16 + 2x = 96

4x = 112

x = 28

Solutions length = 28
width = 28 - 8 = 20

Example 2es The perimeter of a rectangle is 28 metres and
the area is 40 square metres. Determine the
length and width of the rectangle.

Representations L = lengths w = width

2L + 2se= 28

L + w = 14

Representation! Let length = LI width = 14 - I.

Open Sentence:. L(14 - L) = 40

Solves -L2 + 14L - 40 = 0

L2 - + 4o o

(L - 10)(L - 4) .

L = 10i L = 4

Solutions L = 101 w = 4 (reject L = 4)
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Age Problems

Example 3as John is 18 years older than Don. Together
their ages are 46 years. How old is each?

Representations Don = x; John = x + 18

Open Sentenoes i + x + 18 = 46

Solves 2x = 28

x = 14

Solutions Don = 14; John = 14 + 18 = 32

Example 3bs Barbara is 24 years older than Leslie. In
2 years Barbara will be twice Leslie's age.
How old is each?

Representations Leslie = xl Barbara = x + 24

Open Sentences 2(x + 2) 6 (x + 24) + 2

Solves 2x + 4 = x + 26

x = 22

Solutions Leslie = 22; Barbara = 22 + 24 46

Example 3cs Dorothy is 3 times Sue's age. Three years
ago the sum of their ages was 26. How old
was Sue at that time?

Representations .Sue = x; Dorothy = 3x

Open Sentences - 3) (3x - 3) = 26

SoLvei x 3 + 3x - 3 = 26

4x = 32

x = 8

Solutions Sue's age was 8 (three years ago).
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Mixture Problems

Example 4as How much 70 percent by volume sulfuric acid
must be added to 5 quarts of 40 percent
pickling solution in order to increase its
strength to 60 percent?

Representations x = nukber of quarts 68 percent solution
x + 5 number of quarts final solution

Open Sentences .40(5) + .70(x) = .60(x + 5)

Solves

Solutions

Example 4bs

2x + .70x = .60x + 3.40

200 + 70x = 60x + 340

10x = 140

x = 10

10 quarts of 68 percent solution

A 70 pound alloy containing 92 percent iron
must be compounded. How much steel contain-
ing 60 percent iron and how much scrap iron
containing 98 percent iron must be mixed?

Representations x = lbs. of steal
70 - x = lbs. of scrap iron

Open Sentences .60x + .98(70 - x) = .92(70)

Solves 60x + 68.60 .98x = 64.40

60x + 6860 98x = 6440

Solutions

38x vs 420

x = 11.3+

11.3+ lbs. steel; 70 - 11.3 = 58.7 lbs.
sora0 iron



Example 4es How many ounces of imported spice worth 1.25
cents per ounce must be added to 14 ounces of
domestic spice worth 70 cents per ounce in
order to form a miXture worth 90 cents per
ounce?

Representations x = number of ounces of imported spice.

Open Sentences 1.25x + .70(14) = .90(x + 28)

Solves 1.25x + 9.80 = .90x + 25.20

125x + 980 = 90x + 2520

35x = 1440

x = 41+

Solutions 41+ ounces of imported spice must be added.

Motion Problems

Motion problems utilize the relationships

distance = rate x times d = root

Example 3as A vacationer takes 3 hours less time returning
home than he did on his outbound trip. If his
average speed was 45 mph outbound and 54 mph
returning, what was his return time?

Charts

out 45x 45

back 54(x - 3) 54

Representations x = time out
x - 3 = time back

Open Sentences 45x = 54(x - 3)

Solves 45x = 54x . 162

-9x = -162

x = 18

Solutions Time back 18 - 3 = 15
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Example 5bs Two algebra students leave from the same
location but travel in opposite directions.
One of the students travels 3 mph faster
than the other. At the end of 6 hours, they
are 498 miles apart. At what rate was each
traveling?

Charts r t

6
498

x + 3 6

Open Sentences .6x + 6(x + 3) = 498

Solves 6x + 6x + 18 = 498

12x = 480

Solutions One student 40 mph
Other student 40 + 3 . 43 mph

Example 5es Two automobiles are heading toward each other
and are 130 miles apart. If the rate of one
automobile is 4 mph greater than the rate of
the other automobile and they rendezvous in
5 hours, what is the rate of each automobile?

Charts d = r

let auto 5x 5

2nd auto 5(x + 4) x + 4 5

Open Sentences 5x + 5(x + 4) = 130

Solves 5x + 5x + 20 = 130

10x = 110

= 10

Solutions Rate of let auto = 10 mph.
Rate of 2nd auto = 14 mph.

256

161



Performance Test

A performance test will be distributed by the
instructor along with the performance test answer key.

Both the performance test and the answer key will
be compiled from word problems submitted by the students
(one of the performance activities). A few problems from
a noted algebra text are included as examples; however,
they may not be duplicated for distribution since they are
protected under copyright.
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Sample Performance Test (not for distribution)

Write an open sentence or opal? inequality and then

solve the following word problems. Utilize your
personalized systeR--an orderly and consistent method.

Integer

P. 119 1. "Find four consecutive integers if the sum
of the second and fourth is 58."

P. 120 2. "Find the least ooneeoutive odd integers
whose sum is greater than 16."

Motion

P. 123 3. "Marie rode her bicycle from her home to
the bicycle shop in town and then walked
back home. If she averaged 6 miles per
hour riding and 3 miles per hour walking,
how far is it from her home to the bicycle
shop if her traveling time totaled 1 hour?"

p. 124 4. "Two ships are sailing toward each other and
are 120 nautll miles apart. If the rate
of one ship it 4 knots greater than the
rate of the vilter, and if they meet in 3
hours, find the rate of each ship."

Mixture

p. 126

p. 127

5. "How many pounds of candy worth 90¢ per pound
must be addsd to 10 pounds of a eandy worth
60¢ per pound to form a mixture worth 80¢ per

pound?"

6. "How many pounds of coffee worth 50¢ per pound
must be added to 15 pounds of coffee worth
80¢ a pound to form a mixture worth 60¢ per

pound?"

*These word problem aamples are selected from Elementary

Algebra for College Students, Mary Dolciani and Robert
Sorgenfrey, Houghton Mifflin Co., New York, 1971.

258
163



Sample Performance Test Answer Key

1. Representations

Open Sentences

Solutions

x, x + 1, x + 2, x + 3

x + 1 + x + 3 .. 58

27, 28, 29 30

2. Representations a, x + 2

Open Inequality: x + x + 2 16

Solutions x 7, i. 0., 8, 9, 10

3. Chart:

Open Sentences

Solutions

4. Chart;

Open Sentences

Solutions

Representations

Open Sentences

Solutions

Representations

Open Sentences

Solutions

r

lst

2nd x + 4

d.

4(t + 4)

12t

3 3x

3 3(x + 4)

3x + 3(a + 4) = 120

x = 16 (16 knots,

1st kind of candy = .90x
2nd kind of candy = .60(10)

mix = 10 + x = .80(10 + x)

.90x'+ 6.00 = .80(10 + x)

lst kind of coffee
2nd kind of coffee

mix

.50x + .80(50)
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= 20

20 knots)

.50x
m .80(50)
= .60(15 + x)

= .60(15 + x)

= 30



APPENDIX B "HUNDRED-PROBLEM ARITH. TEST"
AND APPENDIX C "FORM Al ALGEBRA I, COOrTRATIVE
MATHEMATICS TESTS" WERE REMOVED DUE TO

COPYRIGHT RESTRICTIONS
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Traditional Class

A-PAK Class

APPENDIX D

STUDENT EVALUATION QUESTIONNAIRE

This questlonnaire will help in the assessment of

the k-PAK treatment as compared ,i;ora traditional algebra

treatment:--Please answer every statement by circling +

if you agree, - if you disagree, or o if you have no

opinion.

1. The algebra section helped me feel confif-

dent as I was taking various course tests.

2. The algebra section Of thercourse was an
,

interesting part of Technical Math.

3. I would like to learn more algebra.

4. The algebra section contained challenging

as well as a variety of learning activities.

Learning objectives wero clearly identified.

I understood what I was supposed to learn.

6. The mathemsical exers and/or activitiee

were practical; they assisted in my under-

standing of the material.

I did not experience difficulty locating

recommended study materials.

a_ 8. The algebra section was generally under-

standable (+), confusing (-), no opinion (o).

1
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o 10.

o 11.

o 12.

o 13.

o 14.

o 15.

2

Th3 course treatment of algebra was (for

me) a convenient way to learn.

This was a good (+), bad (-), average (o)

treatment of algebra..

I would recommend this course to other

students.

The algebra lectures, chalkboard talka,

and discussions assisted me during the

course.

The Center for Independent Study was of

assistance to me.

The audiovisual, games, special treatments,

etc., provided more motivation.

In total, I would rate this an educational

experience (+), a waste of time (-), not

worth resionding to (o).



F famine a period of time when food is scarce (26-2)
felony a bad crime (57-1)
fertility capable of growing life (15-1)
filtration separating by filters (34-1)
fleuridation adding flouride to strengthen tooth enamel (34-1)

G grazing grass-eating animals (53-3)
grit -- small, stony particles (37-5)

H habitat place where a plant or animal lives (20-1)
Haiku special form of Japanese poetry (44-1)
hazard-us full of danger (38-6)
herb:v es plant-eaters (51-1)
humdity amount of moisture in the air (31)
hrfnus decayed organic matter (16-1)
hydrocarbons air pollutant from unburned fuels (40-i)
hydroponics growing plants in mineral-rich water (10-1)
hypothesis what you think will happen (13-1)

I ignite to start burning (42-1)
immature young, not fully grown (55-4)
impact -- effect (53-1)
inaccuracy not correct (53-2)
incinerators used to burn things (30-1)
inexpensive reasonable in price (34-1)
inhabitants residents (36-3)
injunction a leagl command not to ch something (3P-3)
intolerable cannot stand, horrible (53-1)
invisible cannot be seen (47)
irrigation to supply water for agriculture ,"26-2)
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G 5

K kilowatt measure of electrical usage (45)

L limestone a sedimentary rock made up of the shells of small animals
(55-3)

linked connected (55-1)
litter dead or discarded things on the surface of the soil (16-1)

1\ii mass transit moving many people at one time (43)
membrane a thin sheet of material that lets certain liquids and solids

pass through (33-1)
menace one who cau:.,e. inju: (55-4)
mercury a metal element which it.: a liquid at room temperature (37-2)
metropolitan city-like (33-1)
microclimatology small scale, climate studies (54-6)
middens Indian garbage heaps (2-1)

N niche place where a plant or animal can survive (51-1)
nitrogen oxides pollutant produced by burning fuels (40-1)
non-renewable cannot be used again (30-3)
nutritional providing good food ,3)

O organic material material from living things (15-2) (16)
ornithologist a scientist who studies birds (49)
osmosis passing of liquids through a membrane (33-1)
oxidizing combining with oxygen (42-1)

P particulates small particles in the air (40-1) (41)
peccaries a type of wild pigs (56-4)



G 6

P permanently lasting forever (53-4)
permeable can pas through (34-2)
persistent long-lasting (49-5)
pH measures whether a substance is an acid r a base (17)
phosphates a salt containing the element phosphorus, found in

fertilizers and detergents (37-2)
photosynthesis process by which green plants produce food from

sunlight, carbon dioxide and water (54-13)
plague an epidemic disease causing widespread death (26-2)
pollutant something that dirties air, water (40)
polyps living parts of a coral (55-3)
population number of plants or animals living in a region (24-1)
practicable possible to do, neces:. _try (38-6)
predator one who preys on others 51-1) (53-1) (57-2)
preservation keeping safe (3-1)
ilrey animal that is hunted (51-1)
privilege right, special favor (53-1)
pr ocedure how you do something (13-2)
producers green plants that produce food (51-1)
promote increase, move ahead (42-4)
psychological mental, emotional (3-1)
psychrometer an instrument fc 7 measuring relative humidity (54-9)

Q quirk a trick (53-2)

receding going back (57-i)
recycling repeating a pattern over and over (30-3)
reduced made less (27-1)
registered recorded in a book (38-3)
rehydration adding water to a dehydrated material (3-2)
resemble look like (3-1)
reservoirs place where water is stored (36-1)



R restraints something which holds back (3-3)
rine the outside shell of a melon (2-1)
Thngelmann chart chart used in measuring air pollution (41-1)
rotary going in a circle (42-3)

S salinity measure of salt in water (34-1) (36-4)
sanctuary a place Of protection (57-3)
sanitary landfill a place to dump garbage and then the g :bage is

covered with dirt (30-1)
scavengers animals that eat dead things (51-1)
sedges small grass-like plants (56-3)
sedimentation settling out of particles, mud, silt (34-1) (37-5)
sludge mud, sediment from sewage ,.:isposal (37-5)
smallpox a disease that causes pox (boils) on the skin (26-2)
species a group of anirals or plants that are alike (24-1)
specific special, definite (38-6)
sponsored introduced, sported (42-1)
pore the seeds of n types of plants (56-6)

stabalize keep ,r. on: 1(27-1)
stable chang.ng very .d (57-2)
stanc'Ardize v. bass c3.- comparing Like things (54-7)
strzd une tL'ead of something (56-6)
substandard below the standards set for drinking water (34-1)
succession coming evae alter another in order (56-2)
suliur dioxide pollutail found n the air, produced by burning coal

(4('-1)
sumac erry tree v;it;.i rod berries (2-2)
symbiosis living ',:ogether f:tr mutual benefit (511-5)

T technique metho.is. ways of doing somerr .w "3-1)
tedmolog a cf maki,ig things, like 'r;i6!--.t::s (2-3-2)
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G 8

T tertiary the thirdr in sewage t_ itrnent; '-ird process to clean
sewage before dumping (37-4)

thrives to increase quickly (55-3)
transmission to carry so-nething in arn hing (34-2)
triton an animal with a large colorful r; ..d shell, like a conch

shell (55-4)
ty oid fevef a disease causing headaches, caused by drinking "bad

water" (26-2)

V vaccines used to prevent disease (24-2)
variations changes (54-7)
vegetarian one who eats only vegetables (57-2)
vertically up and down position (54-12)
villian "bad guy" (53-3)

W wetmount type of slide made using water (11- 2)
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